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HEARING CHARTER 

SUBCOMMITTEE ON ENERGY 
COMMITTEE ON SCIENCE 
U.S. HOUSE OF REPRESENTATIVES 

Keeping the Lights On: 
Removing Barriers to Technology 
to Prevent Blackouts 

THURSDAY, SEPTEMBER 25, 2003 

io:oo a.m.-12:oo p.m. 

2318 RAYBURN HOUSE OFFICE BUILDING 


1. Purpose 

On Thursday, September 25, 2003 at 10:00 a.m., the Energy Subcommittee of the 
House Committee on Science will hold a hearing to examine the role of technology 
in preventing future blackouts and the current economic, regulatory and technical 
barriers to improved reliability. The hearing will also examine the role of the De- 
partment of Energy’s (DOE) newly established Office of Electric Transmission and 
Distribution in enhancing the power grid’s performance and reliability. 

2. Witnesses 

The following witnesses will testify at the hearing: 

Mr. James W. Glotfelty is the Director of the U.S. Department of Energy’s Office 
of Electric Transmission and Distribution. Previously, Mr. Glotfelty served as a sen- 
ior advisor to the Secretary of Energy, where he was a co-leader in the Department’s 
contribution to the National Energy Plan. Mr. Glotfelty also served as an advisor 
on electricity to then-Governor Bush. 

Mr. T.J. Glauthier is the President and Chief Executive Officer of the Electricity 
Innovation Institute, a new non-profit affiliate of the utility industry’s research con- 
sortium (Electric Power Research Institute or EPRI). Prior to joining the Institute, 
Mr. Glauthier was the Deputy Secretary and Chief Operating Officer of the Depart- 
ment of Energy and he served for five years at the Office of Management and Budg- 
et as the Associate Director for Natural Resources, Energy and Science. 

Mr. Thomas R. Casten is the founding Chairman and CEO of Private Power LLC, 
an independent power company in Oak Brook, IL, which focuses on developing 
power plants that utilize waste heat and waste fuel. Mr. Casten also serves on the 
board of the American Council for an Energy-Efficient Economy (ACEEE), the board 
of the Center for Inquiry, and the Fuel Cell Energy Board. He is also the Chairman 
of the World Alliance for Decentralized Energy (WADE), an alliance of national and 
regional combined heat and power associations, wind, photovoltaic and biomass or- 
ganizations and various foundations and government agencies seeking to mitigate 
climate change by increasing the fossil efficiency of heat and power generation. 
Prior to Private Power LLC, Mr. Casten served as President of the International 
District Energy Association and he received the Norman R. Taylor Award for distin- 
guished achievement and contributions to the industry. 

Dr. Vernon L. Smith is a Professor of Economics and Law and the Director of the 
Interdisciplinary Center for Economic Science at George Mason University. Dr. 
Smith, who won the Nobel Prize in economics in 2002, is widely recognized as the 
‘father of experimental economics’ and his current research focuses on the design 
and testing of markets for electric power, water, spectrum licenses and public goods 
as well as continuing behavioral and evolutionary research on trust and reciprocity. 

3. Overarching Questions 

The hearing will focus on several overarching questions: 

• Which technologies have the greatest potential to increase the reliability and 
the efficiency of the U.S. electrical system both now and in the future? How 
do the costs and benefits of these different technologies compare? 
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• What technologies are the DOE’s Office of Electric Transmission and Dis- 
tribution developing? Do technologies to increase reliability exist and are they 
ready to be deployed today? 

• What is the state of R&D funding for our electrical systems? Where should 
federal R&D funding be focused to ensure maximum benefit and future flexi- 
bility? 

• What are the current and future barriers to the commercial application of 
emerging technologies? What steps have been taken to address these obsta- 
cles? 



Eitiiffc 1. V vn IrQiD SftBCH before and during AugitK Mluckiiw. 


4. Brief Overview 

• On August 14, 2003, a major power outage occurred across the northeastern 
and upper mid-western part of the United States and portions of Canada, af- 
fecting nearly 50 million customers. 

• A joint U.S. -Canada task force has been established to determine the causes 
of the blackout. 

• A contributing factor of the recent blackout — and others — was the deregula- 
tion of the utility industry, where companies no longer own their own trans- 
mission lines. As a result, investment in the infrastructure has remained flat, 
despite increases in electricity. 

• Several solutions, including demand response, advanced transmission moni- 
toring, communications and controls, advanced conductors, and distributed 
generation, have been proposed, but barriers remain. New technologies are 
not widely used, great variability in rules, regulations and technical specifica- 
tions exist at the local level, and the cost to upgrade systems is high. 

• Earlier this year (prior to the August blackout), the Administration estab- 
lished a new Office of Electric Transmission and Distribution at the Depart- 
ment of Energy in order to better address electric reliability concerns. 

5. Background 

On Thursday, August 14, a little after four o’clock in the afternoon, the power 
went out for 50 million Americans. While the precise sequence of events is not yet 
known, overloading of a portion of the Nation’s transmission system clearly played 
an important role that was possibly compounded by human error and unclear lines 
of responsibility. Although this was the largest blackout ever in the U.S., several 
other serious blackouts have occurred in recent years, most notably in the North- 
west in 1996, but also in San Francisco, Texas, New York State and Memphis, Ten- 
nessee. 

To investigate the causes of the blackout, Energy Secretary Spencer Abraham is 
co-chairing a U.S.-Canadian task force, and Mr. James Glotfelty, Director of DOE’s 
Office of Electric Transmission and Distribution, is coordinating DOE’s participation 
in the task force’s activities. One contributing factor in the most recent blackout and 
several of the others was the changing structure of the utility industry. As a result 
of deregulation, companies that generate electricity often no longer own the trans- 
mission lines they use for distribution. In addition, the companies that distribute 
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the electricity buy power from a variety of generators, meaning that transmission 
lines move power in more directions than was originally contemplated. Worse, un- 
certainty over the future of deregulation has held investment in transmission lines 
relatively flat as potential investors have been unsure of how they would reap a 
profit. As a result, few additional transmission lines have been built and few have 
been upgraded relative to the increase in demand. 

Technology Solutions 

Building new transmission lines would ease pressure on the system, but other op- 
tions may be less expensive and create less controversy. Several of the options are 
discussed below. 

1) Demand Response 

The demand for electricity varies widely over the course of a day, a month, and 
even a season. Highest usage, or so-called “peak load,” typically occurs in the after- 
noons on hot summer days when air conditioners are on full power. This peak load 
fills the transmission grid and strains the electrical system. It is therefore no sur- 
prise that blackouts often occur during these peak times of demand. 

At times of peak demand, utilities bring on-line older and more inefficient electric 
generators for the sole purpose of generating peak power. This, combined with the 
fact that lines are hot from overloading electricity, results in higher costs and less 
efficiency. Despite these increased costs — as much as ten times more — the price to 
the average consumer does not change throughout the day, so the customer has no 
incentive to change their demand. 

Fortunately, new technologies coupled with pricing systems that charge more dur- 
ing peak periods can lead to significant reductions in demand. With so-called “de- 
mand response technologies,” a utility can send a signal to a home or business when 
prices are peaking, and electrical equipment in the house can be programmed to 
shut off specific appliances at a particular price level. For example, one program in 
Florida is saving consumers an average of 15 percent off their energy bills by pro- 
viding time-variant pricing and demand response technologies, for a fee. In turn, 
this has reduced the average household demand during peak periods by about 50 
percent. 

2) Advanced Transmission Monitoring, Communications and Controls 

Advanced transmission control systems — sometimes called “smart grid” tech- 
nologies — can increase the ability of utilities to control power flows on transmission 
lines. This emerging technology could prevent blackouts by enabling utilities to bet- 
ter monitor power flows and to limit current in dangerous situations without shut- 
ting it off completely. It could also more quickly and automatically direct the flow 
of current away from overloaded lines. (There is mounting evidence that during the 
August blackout controllers had little or no idea of the extent of the grid problems.) 
New technologies can also help utilities better model the grid so they can make in- 
formed decisions about how to handle problems. 

3) Advanced Conductors 

New technologies, including advanced wires made from ceramic composites and 
superconductors, could enable utilities to carry more electricity on fewer wires. Al- 
though more expensive, composites now being tested can carry two to three times 
the power on the same diameter as regular wires. Superconducting wires, which are 
also just starting to be tested, must be cooled below - 300°F, but they can carry far 
more current with only negligible losses in power. Superconducting wires are likely 
to be first used in generators and transformers where they can dramatically in- 
crease efficiency, and then in short, constrained segments in urban settings, where 
they can be placed in existing conduits to significantly increase the flow of elec- 
tricity. Other technology includes devices for electricity storage. Although currently 
expensive, storage could help reduce peak loads by storing off-peak power for use 
when demand is high. 

4) Distributed Generation 

Distributed generation — the use of multiple, small generators close to the users 
of the electricity — can ease demand by providing electricity that does not have to 
move over the transmission system. Distributed generation technologies include fuel 
cells, micro-turbines, reciprocating and Stirling engines, photovoltaics (solar energy), 
wind turbines, and a variety of other technologies. Distributed generation also offers 
security benefits, especially reduced vulnerability to catastrophic damage, whether 
from natural or man-made disasters. 
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Barriers 

Despite a large federal investment — DOE has funded more than $1.2 billion in re- 
search and development since 1980 for electricity transmission and distribution re- 
search, and at least as much for various distributed generation technologies — these 
technologies are not in widespread use. Significant regulatory barriers, particularly 
in the areas of interconnection standards and market structure, impede the adop- 
tion of new technology. Interconnection standards — rules, regulations, and technical 
specifications that determine how electrical devices connect with local distribution 
grids — vary widely among different localities. The lack of uniform national stand- 
ards and the existence of sometimes arcane local rules and regulations often make 
it prohibitively expensive to connect a distributed generation power unit to a dis- 
tribution grid. A national consensus interconnection standard would reduce the cost 
of hardware, and significantly reduce the need for installation inspections and on- 
site certifications. Market structures currently in place also vary significantly by re- 
gion, but very few of them are designed to convey accurate price signals to con- 
sumers indicating the true costs of electricity usage at times of peak demand. 

As is often the case, the cost of installing upgraded technology can be a barrier. 
Some have estimated that transmission grid modernization could cost $50 billion or 
more over the next ten years. This translates to about one- or two-tenths of a cent 
per kilowatt-hour (a dollar or two per month for the average customer). But the 
costs of an unreliable electric system are even higher, with costs from the August 
blackout alone estimated to be between $4 and $6 billion. As many local victims of 
hurricane Isabel’s wrath will attest, extended blackouts can result in spoiled food, 
lost work and other economic costs. 

Office of Electric Transmission and Distribution 

Secretary Abraham created the DOE Office of Electric Transmission and Distribu- 
tion (OETD) earlier this year to address two primary functions: research and devel- 
opment (R&D) on electricity transmission and distribution technologies, and sys- 
tems operation research and policy analysis related to the electric system. The pro- 
grams run by the Office are not new; they come from various parts of DOE, pri- 
marily from the Office of Energy Efficiency and Renewable Energy (EERE). 

The Department created the new office in response to recommendations from a 
series of reports. The National Energy Policy, released in 2001, which directed the 
Secretary to “examine the benefits of establishing a national grid, identify trans- 
mission bottlenecks, and identify measures to remove transmission bottlenecks.” 
The Department then commissioned The National Transmission Grid Study, which 
was released in May 2002, which warned of the increasing likelihood of significant 
blackouts. The Grid Study provided several recommendations to improve the oper- 
ation of the system, including the elimination of transmission bottlenecks and the 
creation of a new electricity office within DOE. Private sector groups such as the 
Electric Power Research Institute (EPRI) have also recommended a significant in- 
vestment in the power system. Its recent study, The Electricity Framework for the 
Future, recommend increased federal investment in advanced electrical generation, 
transmission and distribution technologies such as those discussed earlier in this 
charter 

OETD’s fiscal year 2003 R&D budget of $80 million includes research on high 
temperature superconductivity technologies, transmission systems, distribution and 
electricity storage technologies conducted through contracts and cost-shared agree- 
ments with universities, national laboratories, and industry. The operations and 
analysis subprogram includes policy modeling, analysis and technical assistance. 

6. Questions for the Witnesses: 

The witnesses were asked to address the following questions in their testimony 
before the Subcommittee: 

Questions for Mr. Glotfelty 

• Briefly describe the responsibilities and reporting structure of the Office of 
Transmission and Distribution. 

• Briefly describe and rank the key vulnerabilities of the electrical grid as it 
is built and managed today. Are there technological solutions that could con- 
tribute to the reduction of these key vulnerabilities? 

• What barriers currently prevent wider adoption of these commercially avail- 
able technologies? What policy choices would be most conducive to greater 
adoption of these technologies? 

• What was DOE’s decision process in identifying the technologies it is sup- 
porting/has supported through the Office of Electricity and Distribution? 
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Questions for Mr. Glauthier 

• What technologies are commercially available or under development to im- 
prove the efficiency and reliability of our electrical system? Which tech- 
nologies would you suggest receive the highest priority for targeted DOE re- 
search and development funding? 

• What barriers currently prevent wider adoption of these commercially avail- 
able technologies? What policy choices would be most conducive to greater 
adoption of these technologies? 

• What is the current level of investment by the private sector in improvements 
to the grid that enhance its reliability? How can the private sector and the 
Federal Government best share responsibility for ensuring the reliability of 
the Nation’s electrical grid? 

• What level of federal funding would be necessary and appropriate for re- 
search, development, demonstration and deployment of smart grid tech- 
nology? What should the private share be? 

Questions for Dr. Smith 

• Briefly describe the market structure for the electricity sector as it existed 15 
years ago and contrast it with the structure today. 

• What barriers currently prevent wider adoption of commercially available en- 
ergy technologies? What policy choices would be most conducive to greater 
adoption of these technologies? 

• How is uncertainty affecting the economics of investment in the electricity 
sector? How can we structure a market to ensure reliable electricity at the 
lowest cost? 

• What are the incentives for utilities to invest in transmission research and 
development? How can we encourage investment in research and development 
in a highly competitive electricity sector? 

Questions for Mr. Casten 

• Please give a brief description of your current business ventures designed to 
capture waste heat. 

• How can distributed generation improve the reliability of the overall electrical 
system? What other benefits does distributed generation provide? 

• What barriers currently prevent wider adoption of commercially available en- 
ergy technologies? What policy choices would be most conducive to greater 
adoption of these technologies? 

• Do some states or regions of the country do a better job at encouraging the 
dissemination of distributed generation technologies? What specifically makes 
them different? 
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Chairwoman BlGGERT. The hearing will come to order. 

I want to welcome everyone to this hearing of the Energy Sub- 
committee. Our purpose here is to identify current and emerging 
technologies and the barriers to their deployment that will help im- 
prove the reliability of our nation’s increasingly complex electrical 
system. 

The blackout that occurred on August 14 leaving 50 million 
Americans without power was a startling reminder of the vulner- 
ability of our current antiquated system and the enormous costs as- 
sociated with such an unreliable system. Many communities in my 
District, thankful that the blackout stopped short of Chicago, 
watched and learned that the blackout meant so much more than 
no electricity. They came to realize that a blackout could mean no 
public transportation, no stoplights, no security lights, no heat or 
air conditioning, and in some cases, no water. 

While a national joint task force is still investigating the exact 
causes of the August 14 blackout, it is clear that overloading of a 
portion of the Nation’s transmission system played an important 
role. But regardless of what the exact cause of the blackout was, 
the bottom line is this: we simply can not meet today’s energy 
needs with yesterday’s energy infrastructure. No pun intended, but 
we are virtually in the dark ages when it comes to energy infra- 
structure. This is especially true with respect to the electric grid. 

But the answer isn’t necessarily more lines or even necessarily 
new and better ones. We must consider other, better ways to obvi- 
ate the need for more lines, such as greater use of distributed gen- 
eration and reducing peak demand for electricity through tech- 
nologies that improve efficiency, communications, and controls. And 
we must make better use of whatever lines we do have, which is 
where advanced technology could have the greatest impact. Im- 
proved monitors of controls could prevent and isolate transmission 
failures and other new technologies promised to enable the trans- 
mission system to sustain far greater loads. 

Americans want affordable and reliable energy, and yet, because 
we have ignored technology, we act as though the two are mutually 
exclusive. The only way to have both at the same time is first to 
take our head out of the sand and second by putting technology to 
work and cutting some of the 1930’s style government red tape that 
has stifled the development of new technology and infrastructure. 

Our witnesses today will discuss currently available emerging 
technologies and the regulatory and economic barriers that impede 
their adoption. Their testimony also will provide an opportunity to 
learn more about the Department of Energy’s newly formed Office 
of Electric Transmission and Distribution and its work on these 
issues. 

As Congress works to eliminate barriers that discourage invest- 
ment in new grid technologies and distributed generation, and con- 
sequently, as the competitive market begins to function properly, 
this committee and this subcommittee, in particular, must do two 
things: first we must ensure that whatever regulations remain do 
not limit or impede technological solutions; and secondly, we must 
ensure that the best and most promising technology is ready and 
available for deployment. I hope our witnesses today can help shed 
some light on how we can be successful on both fronts. 
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As the recent blackout demonstrated, the cost of continued inac- 
tion far exceeds the cost of action. Some estimate that the cost — 
total cost of upgrading our electrical grid will be $50 billion or more 
over the next 10 years, but the cost of an unreliable electric system 
are even higher with costs of the August 14 blackout alone esti- 
mated to be between $4 billion and $6 billion. By investing in new 
technologies to improve our electrical system, we are investing in 
an infrastructure that supports virtually every component of our 
economy. That is why a robust, resilient, and reliable electrical sys- 
tem is unquestionably in our nation’s interest. We must work to- 
gether to determine the best way to get there. I think we can all 
agree that advanced technologies can be a major part of the solu- 
tion as long as the barriers to their deployment and use are re- 
moved. 

I look forward to hearing today’s testimony and pursuing those 
subjects in greater detail. 

[The prepared statement of Mrs. Biggert follows:] 

Prepared Statement of Chairman Judy Biggert 

The hearing will come to order. 

I want to welcome everyone to this hearing of the Energy Subcommittee. Our pur- 
pose here is to identify current and emerging technologies — and the barriers to their 
deployment — that will help improve the reliability of our nation’s increasingly com- 
plex electrical system. 

The blackout that occurred on August 14th, leaving 50 million Americans without 
power, was a startling reminder of the vulnerability of our current, antiquated sys- 
tem, and the enormous costs associated with such an unreliable system. Many com- 
munities in my district, thankful that the blackout stopped short of Chicago, 
watched and learned that the blackout meant so much more than no electricity. 
They came to realize that a blackout could mean no public transportation, no stop- 
lights, no security lights, no heat or air conditioning, and in some cases, no water. 

While a bi-national task force is still investigating the exact causes of the August 
14th blackout, it is clear that overloading of a portion of the Nation’s transmission 
system played an important role. But regardless of what the exact cause of the 
blackout was, the bottom line is this: we simply cannot meet today’s energy needs 
with yesterday’s energy infrastructure. No pun intended, but we’re virtually in the 
dark ages when it comes to energy infrastructure. This is especially true with re- 
spect to the electric grid. 

But the answer isn’t just more lines, or even necessarily new and better lines. We 
must consider other, better ways to obviate the need for more lines, such as greater 
use of distributed generation, and reducing peak demand for electricity through 
technologies that improve efficiency, communications, and controls. 

And we must make better use of whatever lines we do have, which is where ad- 
vanced technology could have the greatest impact. Improved monitors and controls 
could prevent and isolate transmission failures, and other new technologies promise 
to enable the transmission system to sustain far greater loads. 

Americans want affordable and reliable energy, and yet, because we’ve ignored 
technology, we act as though the two are mutually exclusive. The only way to have 
both at the same time is: first, to take our head out of the sand; and second, by 
putting technology to work and cutting some of the 1930’s-style government red tape 
that has stifled the development of new technology and infrastructure. 

Our witnesses today will discuss currently available and emerging technologies, 
and the regulatory and economic barriers that impede their adoption. Their testi- 
mony also will provide an opportunity to learn more about the Department of Ener- 
gy’s newly formed Office of Electric Transmission and Distribution, and its work on 
these issues. 

As Congress works to eliminate barriers that discourage investment in new grid 
technologies and distributed generation, and consequently as the competitive mar- 
ket begins to function properly, this committee, and this subcommittee, in par- 
ticular, must do two things. First, we must ensure that whatever regulations remain 
do not limit or impede technological solutions. And secondly, we must ensure that 
the best and most promising technology is ready and available for deployment. I 
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hope our witnesses today can help shed some light on how we can be successful on 
both fronts. 

As the recent blackout demonstrated, the cost of continued inaction far exceeds 
the cost of action. Some estimate that the total cost of upgrading our electrical grid 
will be $50 billion or more over the next ten years. But the costs of an unreliable 
electric system are even higher, with costs of the August 14th blackout alone esti- 
mated to be between $4 and $6 billion. By investing in new technologies to improve 
our electrical system, we are investing in an infrastructure that supports virtually 
every component of our economy. 

That’s why a robust, resilient, and reliable electrical system is unquestionably in 
our national interest. We must work together to determine the best way to get 
there. I think we can all agree that advanced technologies can be a major part of 
the solution, as long as the barriers to their deployment and use are removed. 

I look forward to listening to today’s testimony and pursuing these subjects in 
greater detail. 

Chairwoman BlGGERT. The Chair now recognizes the Ranking 
Minority Member on the Energy Subcommittee for his only — his 
opening statement. 

Mr. Lampson. Thank you, Chairwoman Biggert. I want to thank 
you for calling this very important hearing this morning. And cer- 
tainly I want to thank our witnesses for joining us here today. We 
appreciate having all of you. 

The recent blackout suffered by 50 million Americans in the Mid- 
west and the Northeast on August the 14th has indeed brought the 
issue of electricity generation and transmission into clearer focus. 
The blackout was the largest ever in the United States. And the 
cost in the United States has been estimated to be somewhere be- 
tween $4 billion and $6 billion. 

This incident spurred the creation of a joint United States-Cana- 
dian task force on the factors that contributed to this event. As the 
Administration, Congress, and the joint task force continue to ex- 
amine the factors behind the incident, I believe that it’s imperative 
that we consider the role technology can play in preventing future 
blackouts. We need to ensure that our power transmission services 
are reliable and secure while we continue to prevent future disrup- 
tions across the country. Technological advances will play a very 
key role in this endeavor. 

While I understand that many have called for the construction 
of new transmission lines, I look forward to hearing from our wit- 
nesses about how smart grid and demand response technologies 
might also help utility companies handle these problems in the fu- 
ture. Advanced conductors made from ceramic composites and 
superconducting wires could also dramatically increase efficiency. 
And I am also interested to hear about the role that reactive power 
may have played in this incident and whether we have techno- 
logical advances to help us understand this phenomenon. 

My congressional district has the distinction of being serviced by 
two electricity grids. My Houston-Galveston area constituents are 
served by Electric Reliability Council of Texas, ERCOT, while my 
Beaumont, Port Arthur, and Chambers County constituents are 
under the Southeastern Electric Reliability Council, SERC. I have 
reached out to the utility companies in my area for their thoughts 
and their ideas on how we can improve the electricity grids. And 
while it was the Midwest and Northeast on August the 14th, other 
parts of the country have experienced blackouts in recent years, 
and I am sure that other regions will also experience them in the 
future. 
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So I am committed to working with our power companies, fed- 
eral, State, and local officials to utilize available technologies and 
to ensure that we minimize future disruptions. As a nation, we 
must be proactive about these problems rather than reactive as we 
respond to these challenges, and I look forward to hearing from our 
witnesses. 

Thank you, Madame Chairman. 

[The prepared statement of Mr. Lampson follows:] 

Prepared Statement of Representative Nick Lampson 

I would like to thank Chairwoman Biggert for calling this very important hearing. 
And I would also like to thank all of our witnesses for joining us here today. 

The recent blackout suffered by 50 million Americans in the Midwest and North- 
east on August 14th has brought the issue of electricity generation and transmission 
into a clear focus. 

The blackout was the largest ever in the United States and the cost to the U.S. 
has been estimated at between $4 and $6 billion. 

This incident spurred the creation of a joint United States-Canadian task force 
on the factors that contributed to this event. 

As the Administration, Congress and the joint task force continue to examine the 
factors behind this incident, I believe it is imperative that we consider the role tech- 
nology can play in preventing future blackouts. 

We need to ensure that our power transmission services are reliable and secure 
while we continue to prevent future disruptions across the country. Technological 
advances will play a key role in this endeavor. 

While I understand that many have called for the construction of new trans- 
mission lines, I look forward to hearing from our witnesses about how “smart grid” 
and “demand response” technologies might also help utility companies handle these 
problems in the future. 

Advanced conductors made from ceramic composites and superconducting wires 
could also dramatically increase efficiency. 

I am also interested to hear about the role that reactive power may have played 
in this incident and whether we have technological advances to help us understand 
this phenomenon. 

My congressional district has the distinction of being serviced by two electricity 
grids. My Houston and Galveston area constituents are served by the Electric Reli- 
ability Council of Texas (ERCOT), while my Beaumont, Port Arthur and Chambers 
County constituents are under the Southeastern Electric Reliability Council (SERC). 

I have reached out to the utility companies in my area for their thought and ideas 
on how we can improve the electricity grids. 

And while it was the Midwest and Northeast on August 14th, other parts of the 
country have experienced blackouts in recent years and I am sure other regions will 
also experience them in the future. 

I am committed to working with power companies, federal, State and local offi- 
cials to utilize available technologies and ensure that we minimize future disrup- 
tions. 

As a nation we must be proactive about these problems rather than reactive as 
we respond to these challenges. 

Chairwoman BlGGERT. Thank you. I would like to ask at this 
time for a unanimous consent that all Members who wish to do so 
have their opening statements entered into the record. Without ob- 
jection, so ordered. 

[The prepared statement of Mr. Costello follows:] 

Prepared Statement of Representative Jerry F. Costello 

Good morning. I want to thank our witnesses for appearing before this committee 
to discuss removing barriers to technology to prevent blackouts. On August 14 and 
15, 2003, the northeastern U.S. and southern Canada suffered the worst power 
blackout in history. Areas affected extended from New York, Massachusetts, and 
New Jersey west to Michigan, and from Ohio north to Toronto and Ottawa, Ontario. 
Approximately 50 million customers were impacted, and the economic costs will be 
staggering. 
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Getting to the bottom of things will not be easy, given the complexity of the elec- 
trical system, but will require answers to three simple questions. What exactly hap- 
pened? Why did it happen? And how can it be prevented in the future? In answering 
the last question, continued research and development in our electric system will 
help us improve our grid system and hopefully prevent another blackout from occur- 
ring. 

If future blackouts are to be avoided, we must fix these problems quickly and deci- 
sively and continue to promote research and development that will address the reli- 
ability and security of the electric energy transmission system. Southern Illinois 
University (SIU) in my congressional district has been continuously working on re- 
search on a variety of electric transmission issues. SIU was among the first to re- 
ceive research contracts from the Electric Power Research Institute (EPRI) in 
launching the Flexible AC Transmission Initiative. In addition, SIU has received 
grants from the National Science Foundation, the Department of Energy and Elec- 
tric Utilities for electric transmission research. Further, the university is currently 
working on Broad Band over Power Lines which is an emerging technology utilizing 
the backbone of the power distribution network for the transmission of high-speed 
data. 

SIU is one example of promising work in improving our electric system; however, 
more is needed. EPRI estimates that research and demonstration programs will re- 
quire increased federal funding of approximately $1 billion, spread out over five 
years, with the private sector contributing a significant amount of matching fund- 
ing. I am interested in hearing from our witnesses about a public/private institu- 
tional role for research and development. 

I welcome our panel of witnesses and look forward to their testimony. 

Chairwoman BlGGERT. It is my pleasure to welcome our wit- 
nesses for today’s hearing and to introduce them to you. They are: 
Mr. James Glotfelty, Director of the Office of Electric Transmission 
and Distribution, U.S. Department of Energy; Mr. T.J. Glauthier, 
President and CEO, Electricity Innovation Institute; Dr. Vernon 
Smith, Nobel Laureate and Professor of Economics, George Mason 
University; and Mr. Tom Casten, CEO, Private Power, LLC. I 
would like to extend a special welcome to Mr. Casten, a constituent 
of my District and to congratulate him on his impressive work he 
has done for more than 25 years in developing and operating com- 
bined heat and power plants as a way to save money, increase effi- 
ciency, and lower emissions. Welcome to all of you. 

As the witnesses know, spoken testimony will be limited to five 
minutes each, after which Members will have five minutes each to 
ask questions. So we will begin with Mr. Glotfelty. 

STATEMENT OF MR. JAMES W. GLOTFELTY, DIRECTOR, OF- 
FICE OF ELECTRIC TRANSMISSION AND DISTRIBUTION, U.S. 

DOE 

Mr. Glotfelty. Thank you very much. 

Good morning, Chairman Biggert and Members of the Sub- 
committee. My name is Jimmy Glotfelty. I’m the Director of the 
newly created Office of Electric Transmission and Distribution at 
the Department of Energy. Thank you for the opportunity to testify 
before you today on the role that technology can play in the devel- 
opment of a more robust and reliable electric system. 

America’s electric system is facing serious problems: aging equip- 
ment, uncertain regulations at both the federal and State level, and 
difficulty attracting investment capital, all in the face of rising de- 
mand. As you may know, the National Academy of Sciences called 
America’s electric system “the supreme engineering achievement of 
the 20th century.” However, as currently configured, there are seri- 
ous questions about the ability of this system to satisfy the complex 
needs necessary to power the economy in the 21st century. 
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The U.S. Department of Energy is leading an effort to help facili- 
tate the modernization of our nation’s aging electric grid. DOE, in 
collaboration with industry and other partners, developed Grid 
2030, a national vision for tomorrow’s electric system, and a road 
map that outlines the key challenges for modernizing the grid and 
suggested paths and — suggested paths to get there. The vision and 
road map called for government and industry to work today in a 
collaborative manner. They implement a five-part action agenda to 
modernize the grid and achieve the Grid 2030 vision. This agenda 
includes: study the feasibility of a national transmission backbone; 
continue the development of critical technologies that make the fu- 
ture grid more stable, more efficient, and more reliable; accelerate 
technology acceptance; strengthen market operations and allow the 
marketplace to promote new technologies that strengthen our grid; 
and finally, build multi-year public/private partnerships with in- 
dustry, states, reliability councils to ensure that this vision be- 
comes a reality. 

Transmission, distribution, researching efforts at DOE have been 
in existence for many years. Many commercialized technologies 
that enhanced the reliability of the electric grid today began with 
DOE research many years ago. However, there are many more 
technologies that require further research, development, and dem- 
onstration to ensure their effective performance in the field. This 
is critical to acceptance in the marketplace. For example, DOE is 
working with industry to test high-capacity transmission lines 
made of new materials that will carry more electrical current, re- 
duce losses, and are lighter weight and lower in cost. Testing these 
lines at our Oak Ridge National Lab Transmission Testing Center 
will help industry reduce barriers that lead to commercial viability 
of these products. New communication and control technologies are 
necessary to promote an electricity grid with embedded intelligence 
that will process vast amounts of information in less than a second 
and help operators make more accurate reliability and economic de- 
cisions. 

Advances in power electronics today already allow more power to 
flow through existing systems. Improvements will better control 
the flow of AC power flows and allow operators to isolate problems 
that could cause larger regional disruptions. In the future, high- 
temperature superconductors have the potential to revolutionize 
electric power delivery in America. The prospect of transmitting 
large amounts of power through compact underground corridors 
over long distances with minimal losses could significantly enhance 
the overall efficiency and reliability of the electric system, all while 
reducing fuel use and emissions. Superconducting technologies will 
be used in generators, cables, transformers, storage devices, and 
motors: equipment that crosscuts the entire electric power center. 

While these technologies are still being developed, there are still 
major stumbling blocks in their widespread deployment on the 
grid. The primary reason is uncertainty: regulatory uncertainty 
and financial uncertainty. The lack of investment in grid mod- 
ernization has been caused by uncertainty in electric utility regula- 
tions at the federal and State level. The jurisdictional boundaries 
are not clear, and the difficult transition from a tightly regulated 
industry to one where competition and market forces play a greater 
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role has taken years too long. Regulatory uncertainty has lasted al- 
most a decade, and its consequences are beginning to be felt across 
the Nation. 

Investment uncertainty is directly tied to the state of regulation. 
If markets see clear signals as to a return on investment, they will 
invest. If not, the capital will flow to a more stable industry. Dur- 
ing this time of uncertainty, both investment in the transmission 
system and R&D funding by the industry has declined. In fact, 
transmission reliability research at the Department of Energy was 
zeroed out for three years in the 1990’s: ’96, ’97, and ’98. These pri- 
vate/public cutbacks have slowed the push for new technologies and 
tools into the marketplace. 

While this regulatory rethinking proceeds, several states have 
implemented price caps as a way to protect consumers from price 
shocks while the markets adjust to make policy — allow policy-mak- 
ers to identify next steps. While attractive to the regulator, price 
caps could very well hinder investment, because they raise the un- 
certainty of cost recovery for new equipment. 

As you know, there are many things that must be done to bring 
our electrical infrastructure up to a 21st century standard. Au- 
gust — the August 14 blackout is an example of what could happen 
again in the future if we do not begin to focus on the improvement 
of our grid today. The U.S. economy’s reliance on a secure, reliable 
infrastructure has never been greater. Modernizing the grid will in- 
volve time, resources, and unprecedented levels of cooperation 
among electric power industries, many and diverse stakeholders. 
Neither government nor industry can shoulder these responsibil- 
ities alone. We must act now or risk greater problems in the future. 

I thank you for the opportunity to testify before you today and 
look forward to addressing your questions. 

[The prepared statement of Mr. Glotfelty follows:] 

Prepared Statement of James W. Glotfelty 


Introduction 

Chairman Biggert and Members of the Subcommittee, thank you for the oppor- 
tunity to testify today on the role of new technologies in developing a more robust 
electric system. 

America’s electric system is facing serious problems: aging equipment and infra- 
structure, uncertain regulations and policies, difficulties attracting investment cap- 
ital, and constrained supplies failing to meet rising demand. The National Academy 
of Sciences called America’s electric system “. . .the supreme engineering achieve- 
ment of the 20th century.” However, as currently configured, there are serious ques- 
tions about the ability of this system to satisfy the increasingly complex electricity 
needs of the 21st century. 

The President is well aware of this problem. For example, on February 6th 2003, 
President Bush reiterated the Administration’s policy to modernize the electric grid, 
“It is a plan to modernize our electricity delivery system. It is a plan which is need- 
ed now. It is needed for economic security. It is needed for national security.” The 
August blackout highlighted the economy’s reliance on a secure and reliable electric 
system. Billions of dollars in goods and services, in productivity and food, were lost. 

Implementing the President’s plans for modernizing America’s electricity infra- 
structure is one of the U.S. Department of Energy’s top priorities. The President’s 
National Energy Policy directed preparation of a detailed assessment of the major 
bottlenecks in our nation’s transmission system, and in May 2002, Secretary Abra- 
ham issued The National Transmission Grid Study. This report made clear that 
without dramatic improvements and upgrades over the next decade our nation’s 
transmission system will fall short of the reliability standards our economy requires, 
and will result in higher costs to consumers. The Department immediately began 
taking steps to implement the improvements that are needed to ensure continued 
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growth and prosperity, working with Congress, States, and other stakeholders to 
promote innovation and enable entrepreneurs to develop a more advanced and ro- 
bust transmission system. The mission of DOE’s newly created Office of Electric 
Transmission and Distribution is focused on achieving this end. 

Opportunities for Modernizing America’s Electric System 

Modernization includes the application of new and existing technologies to en- 
hance the reliability and efficiency of the entire electric system. Electric reliability 
and efficiency are affected by all four segments of the electricity value chain: genera- 
tion, transmission, distribution, and end-use. Investing in only one area will not nec- 
essarily stimulate performance improvements across other segments of the inte- 
grated system. Increasing supply without improving transmission and distribution 
infrastructure, for example, may actually lead to more serious reliability concerns. 
Thus, to improve the reliability and efficiency of electric power in America — as 
called for in the President’s energy plan — equipment upgrades as well as new tech- 
nologies are needed throughout the electric system. 

With electric generation, reliability is enhanced when additional supplies are 
added to ensure that peak demands are met. Reliability is also enhanced when suffi- 
cient reserve capacity is available for scheduled and unscheduled maintenance, and 
for emergency situations. Additional supplies can come from expansion of both cen- 
tral and distributed assets, representing a variety of technologies and fuel choices. 
Efficiency is enhanced when more fuel-efficient generation technologies are used, 
such as combined cycle combustion turbines and combined heat and power units. 
However, expanding supplies without balancing investment in transmission and dis- 
tribution infrastructure will place additional cost burdens on consumers, both in 
terms of congestion and reliability. A reliable system requires balanced investment 
in supply, delivery, and demand management. 

With respect to electric transmission, reliability is enhanced when additional lines 
are added to the grid, proper maintenance occurs in a timely manner, and when 
grid operators are able to make adjustments, in real-time, to address fluctuations 
in system conditions, particularly during periods of peak demand. Efficiency is en- 
hanced when new transmission technologies are used that have reduced line losses, 
and that have the capability to carry more current for a given size of conductor. The 
Department is partnering today with industry to develop cost-effective transmission 
solutions, including advanced composite conductors, high temperature super- 
conductors, and wide area measurement systems. 

With respect to electric distribution, reliability is enhanced when additional lines 
are added, substation capabilities are expanded, proper maintenance occurs in a 
timely manner, communications and interconnections systems facilitate distributed 
energy development, and systems are protected better from natural disturbances. 
Efficiency is enhanced when new distribution technologies are deployed that reduce 
line losses, and information technologies optimize existing resources. The Depart- 
ment is working with States and industry to develop transformers, fault current 
limiters, cables, and power electronics that will revolutionize the distribution sys- 
tem. 

With respect to electric end-use, reliability is enhanced when demand response 
programs manage electricity consumption in ways that result in lower overall peak 
demand and a better balance between on- and off-peak usages. Actions can include 
use of such technologies as real-time (or time-of-use) meters, and advanced energy 
storage. Efficiency is enhanced when new appliances and equipment require less 
electricity to produce equal (or greater) levels of service, such as advanced lighting, 
heating, cooling, refrigeration, and motor drive devices. Although peak load manage- 
ment offers significant benefits to utilities, electric consumption is controlled by the 
end-users. Their participation in a fully integrated energy system requires price 
transparency. 

Barriers to Electric Grid Modernization 

For more than two decades, America has been under-investing in the moderniza- 
tion of the electric system. The primary reason is uncertainty: technical uncertainty; 
regulatory uncertainty; and financial uncertainty. The consequences of this have 
been significant: greater numbers of congested transmission corridors, a higher like- 
lihood of brownouts and blackouts, and more economic losses from outages when 
they do occur. Annual estimates of losses from outages and power quality disturb- 
ances range from $25 to $180 billion annually. Standard and Poor’s estimates the 
economic losses from the August 14th blackout to be about $6 billion. Although 
some estimate it will take $100 billion to modernize the electric system, this should 
be compared against the scale of the existing electric industry: infrastructure worth 
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approximately $800 billion (including generation), and revenues approaching $250 
billion annually. 

There are electricity technologies that are ready today to be used for grid mod- 
ernization projects. However, electric assets are capital-intensive and long-lived, so 
the stock turnover process is relatively slow. Much of the Nation’s electric infra- 
structure of power lines, substations, switchyards, and transformers has been in 
service for 25 years, or longer. 

The primary reason for the lack of investment in grid modernization is the finan- 
cial uncertainty caused by the uneven process of restructuring of electric utility reg- 
ulation, at both the federal and state levels. The electric power business currently 
is in and has for the last few years been in the midst of a difficult transition from 
a tightly regulated industry to one where competition and market forces play a 
greater role. 

This transition has been slow and there have been missteps. For example, the un- 
fortunate experience in California cost citizens billions of dollars, and has caused 
other states to re-think their approach to electric power regulation. 

Regulatory uncertainty has affected other aspects of grid modernization. For ex- 
ample, there seems to have been a substantial decline in the level of spending re- 
cently by the electric power industry in research and development. The Electric 
Power Research Institute reports that its R&D funding from member utilities has 
fallen from about $600 million annually in 1994 to about $300 million annually in 
2001. Federal spending on electric system research and development during that 
same time period did not rise to fill the gap. For example, for fiscal years 1996, 
1997, and 1998, the funding for DOE’s Transmission Reliability research and devel- 
opment program was zeroed out. This significant reduction in R&D investments has 
limited the flow of new technologies, tools, and techniques into the marketplace. 

There are other barriers to the acceptance of new electric delivery technologies in 
the marketplace. Equipment must be introduced into the electric system in a man- 
ner that will ensure safe, reliable, and efficient operation. The electric industry is 
reluctant to use new technologies unless their functionality, and especially dura- 
bility, is ensured. This slows down the process of moving technologies from the lab- 
oratory and into the “tool-kit” of electric system planners and operators. Some of the 
difficulties stem from problems in managing the risks associated with using new 
technologies, risks common to all industries. These technology transfer difficulties 
are exacerbated in the electric power sector by a regulatory framework that favors 
the status quo and does not typically reward managers for innovation, risk taking, 
or entrepreneurial activities. There is a need to work with State commissions to fa- 
miliarize them with the new technologies and the extent to which their reliability 
has been demonstrated. 

While this “re-thinking” proceeds, several states have implemented “price caps” 
as a way to protect consumers from price shocks while the markets adjust and pol- 
icy makers identify next steps. While attractive to the regulator, price caps tend to 
hinder investment because they raise the uncertainty of cost recovery for new plant 
and equipment. For example, utilities subject to price caps cannot seek rate in- 
creases to recover reliability investment costs; they have to identify offsets from 
other aspects of their operation to maintain profitability. 

Finally, public concern about the environmental, public health, and safety con- 
sequences of electric power has resulted in local or state siting and permitting proc- 
esses that in many cases have impacted additional capacity. There are numerous 
instances over the past decade where projects to modernize the electric grid were 
stymied by siting and permitting delays caused by bureaucratic requirements or ju- 
risdictional disputes among states and the Federal Government. This has greatly 
hindered new investment despite the existence of a guaranteed rate of return for 
investors. However, technologies such as advanced composite conductors that utilize 
existing transmission facilities may have a potential advantage over technologies 
that would require new rights-of-way. 

Administration Action to Address Barriers 

The Bush Administration, from the outset, has highlighted the importance of 
modernizing America’s electric system. It is one of the most important policy objec- 
tives discussed in the President’s National Energy Policy, which was issued in May 
2001. One year later, the Department issued The National Transmission Grid 
Study, which contains 51 specific recommendations for modernizing the grid and in- 
creasing the reliability of America’s transmission system. In September 2002, the 
Secretary’s Energy Advisory Board issued the Transmission Grid Solution Report 
which outlines steps to streamline transmission siting and permitting and increase 
the level of investment in electric transmission facilities. In April 2003, the Presi- 
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dent’s Council of Advisors on Science and Technology issued a report calling for ex- 
panded federal investment in electric grid modernization technologies. 

Also in April 2003, the Department held the National Electric System Vision 
meeting, which resulted in Grid 2030 — a National Vision for Electricity’s Second 100 
Years, a document that presents industry and DOE’s views on the future of electric 
power in America. In July 2003, the Department followed up the “Grid 2030” vision 
with the National Electric Delivery Technologies Roadmap meeting, which will soon 
result in a document outlining the research, development, and technology transfer 
steps that government, industry, and others need to take to make the national vi- 
sion for the future of the electric system into reality. The U.S. Department of Ener- 
gy’s website, www.energy.gov, provides access for downloading copies of these docu- 
ments and reports. 

“Grid 2030” — A National Vision for Electricity’s Second 100 Years 

The national vision calls for “Grid 2030” to energize a competitive North Amer- 
ican marketplace for electricity. It will connect everyone to abundant, affordable, 
clean, efficient, and reliable electric power anytime, anywhere. It will provide the 
best and most secure electric services available in the world. Imagine the possibili- 
ties: electricity and information flowing together in real time, near-zero economic 
losses from outages and power quality disturbances, a wider array of customized en- 
ergy choices, suppliers competing in open markets to provide the world’s best elec- 
tric services, and all of this supported by a new energy infrastructure built on super- 
conductivity, distributed intelligence and resources, clean power, and the hydrogen 
economy. 

Although the precise architecture of America’s future electric system has yet to 
be designed, the “Grid 2030” concept has been envisioned to consist of three major 
elements: 

• A national electricity “backbone” 

• Regional interconnections which include Canada and Mexico 

• Local distribution, mini- and micro-grids providing services to customers from 
generation resources anywhere on the continent. 

The backbone system will involve a variety of technologies. These include control- 
lable, very-low-impedance superconducting cables and modular transformers oper- 
ating within the synchronous AC environment; high voltage direct current devices 
forming connections between regions; and other types of advanced electricity conduc- 
tors, as well as information, communications, and controls technologies for sup- 
porting real-time operations and national electricity transactions. Superconducting 
systems will be able to reduce line losses, assure stable voltage, and expand current 
carrying capacities in dense urbanized areas. They will be seamlessly integrated 
with high voltage direct current systems and other advanced conductors for trans- 
porting electric power over long distances. 

Power from the backbone system will be distributed over regional networks. Long- 
distance transmission within these regions will be accomplished using upgraded, 
controllable AC facilities and, in some cases, expanded DC links. High-capacity DC 
inter-ties will be employed far more extensively than they are today to link adja- 
cent, asynchronous regions. Regional system planning and operations will benefit 
from real-time information on the status of power generation facilities (central-sta- 
tion and distributed) and loads. Expanded use of advanced electricity storage de- 
vices will address supply-demand imbalances caused by weather conditions and 
other factors. In this grid of the future, markets for bulk power exchanges will be 
able to operate more efficiently with oversight provided through mandatory reli- 
ability standards, multi-state entities, and voluntary industry entities. 

In the “Grid 2030” distribution system, it is envisioned that customers will have 
the ability to tailor electricity supplies to suit their individual needs for power, in- 
cluding costs, environmental impacts, and levels of reliability and power quality. 
Sensors and control systems will be able to link appliances and equipment from in- 
side buildings and factories to the electricity distribution system. Advances in dis- 
tributed power generation systems and hydrogen energy technologies could enable 
the dual use of transportation vehicles for stationary power generation. For exam- 
ple, hydrogen fuel cell powered vehicles could be able to provide electricity to the 
local distribution system when in the garage at home or parking lot at work. 

National Electric Delivery Technologies Roadmap 

The Roadmap, which is still being finalized by DOE, will call for the collaborative 
implementation by government and industry of a five-part “action agenda” to mod- 
ernize the grid and achieve the “Grid 2030” vision. The action agenda includes: 
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• Designing the “Grid 2030” Architecture — Conceptual framework that guides 
development of the electric system from the generation busbar to the cus- 
tomer’s meter 

• Developing the Critical Technologies — Advanced conductors, electric storage, 
high-temperature superconductors, distributed intelligence/smart controls, 
and power electronics that become the building blocks for the “Grid 2030” 
concept 

• Accelerating Technology Acceptance — Field testing and demonstrations that 
move the advanced technologies from the laboratory and into the “tool kit” 
of transmission and distribution system planners and operators 

• Strengthening Market Operations — Assessing markets, planning, and oper- 
ations; improving siting and permitting; and addressing regulatory barriers 
bring greater certainty and lower financial risks to electric transactions and 
investment 

• Building Partnerships — Leveraging stakeholder involvement through multi- 
year, public-private partnerships; working with States, FERC, and NERC to 
address shared concerns 

Technologies for Modernizing the Electric Grid 

There is a portfolio of technologies that have the capabilities to enhance the reli- 
ability and efficiency of the electric grid. Many of these will require further re- 
search, development, field testing, and demonstration to lower costs, improve reli- 
ability and durability, and demonstrate effective performance. The Appendix, taken 
from the National Transmission Grid Study, provides additional details on a wide 
range of grid modernization technologies. 

Advanced Conductors and New Materials. Desirable properties of new material for 
electricity conductors include greater current-carrying capacity, lower electrical re- 
sistance, lighter weight, greater durability, greater controllability, and lower cost. 
Advances in semiconductor-based power electronics have given rise to new solutions 
that allow more power flow through existing assets, while respecting local land use 
concerns. Advanced composite materials and alloys are also making an impact and 
are being used in new designs for conductors and cables. Diamond technology could 
replace silicon and achieve dramatic increases in current density. In addition, sci- 
entific discoveries in advanced materials are resulting in new concepts for conduc- 
tors of electric power. For example, nanoscience is opening new frontiers in the de- 
sign and manufacture of machines at the molecular level for fabricating new classes 
of metals, ceramics, and organic compounds (such as carbon nanotubes) that have 
potential electric power applications. 

High Temperature Superconductors. High temperature superconductors are a good 
example of advanced materials that have the potential to revolutionize electric 
power delivery in America. The prospect of transmitting large amounts of power 
through compact underground corridors, even over long distances, with minimal 
electrical losses and voltage drop, could significantly enhance the overall energy effi- 
ciency and reliability of the electric system, while reducing fuel use, air emissions, 
and physical footprint. Superconducting technologies can be used in generators, ca- 
bles, transformers, storage devices, synchronous condensers, and motors — equip- 
ment that crosscuts the entire electric power value chain. 

Electricity Storage. Breakthroughs that dramatically reduce the costs of electricity 
storage systems could drive revolutionary changes in the design and operation of the 
electric power system. Peak load problems could be reduced, electrical stability could 
be improved, and power quality disturbances could be eliminated. Storage can be 
applied at the power plant, in support of the transmission system, at various points 
in the distribution system, and on particular appliances and equipment on the cus- 
tomer’s side of the meter. 

Communications, Controls and Information Technologies. Information technologies 
(IT) have already revolutionized telecommunications, banking, and certain manufac- 
turing industries. Similarly, the electric power system represents an enormous mar- 
ket for the application of IT to automate various functions such as meter reading, 
billing, transmission and distribution operations, outage restoration, pricing, and 
status reporting. The ability to monitor real-time operations and implement auto- 
mated control algorithms in response to changing system conditions is just begin- 
ning to be used in electricity. Visualization tools are just beginning to be used by 
electric grid operators to process real-time information and accelerate response 
times to problems in system voltage and frequency levels. Distributed intelligence, 
including “smart” appliances, could drive the co-development of the future architec- 
ture for both telecommunications and electric power networks, and determines how 
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these systems are operated and controlled. Data access and data management will 
become increasingly important business functions. 

Advanced Power Electronics. High-voltage power electronics allow precise and 
rapid switching of electrical power. Power electronics are at the heart of the inter- 
face between energy storage and the electrical grid. This power conversion inter- 
face — necessary to integrate direct current or asynchronous sources with the alter- 
nating current grid — is a significant cost component of energy storage systems. Ad- 
ditionally, power electronics are the key technology for power flow controllers (e.g., 
Flexible Alternating Current Transmission Systems — FACTS) that improve power 
system control, and help increase power transfer levels. New power electronics ad- 
vances are needed to lower the costs of these systems, and accelerate their applica- 
tion on the network. 

Distributed Energy Technologies. Developments to improve the performance and 
economics of distributed energy generation and combined heat and power systems 
could expand the number of installations by industrial, commercial, residential, and 
community users of electricity. Devices such as fuel cells, reciprocating engines, dis- 
tributed gas turbines and micro-turbines can be installed by users to increase their 
power quality and reliability, and to control their energy costs. They can lead to re- 
duced “upstream” needs for electric generation, transmission, and distribution 
equipment by reducing peak demand. 

Potential Benefits of Grid Modernization 

An expanded and modernized grid will virtually eliminate electric system con- 
straints as an impediment to economic growth and in fact will promote and encour- 
age economic growth. As stated in The National Transmission Grid Study, whole- 
sale markets save consumers $13 billion annually, but constraints cost billions 
more. Robust national markets for electric power will encourage growth and open 
avenues for attracting capital to support infrastructure development and investment 
in new plant and equipment. New business models will emerge for both small and 
large companies for the provision of a wide variety of new products and services for 
electricity customers, distributors, transmitters, and generators. 

More energy efficient transmission and distribution will reduce line losses and 
help avoid emission of air pollution and greenhouse gases. More economically effi- 
cient system operations and the expanded use of demand-side management tech- 
niques will reduce the need for spinning reserves, which could also lower environ- 
mental impacts. A modernized national electric grid will facilitate the delivery of 
electricity from renewable technologies such as wind, hydro, and geothermal that 
have to be located where the resources are located, which is often remote from load 
centers. 

Faster detection of outages, automatic responses to them, and rapid restoration 
systems will improve the security of the grid, and make the grid less vulnerable to 
physical attacks from terrorists. Greater integration of information and electric tech- 
nologies will involve strengthened cyber security protections. Expanded use of dis- 
tributed energy resources will provide reliable power to military facilities, police sta- 
tions, hospitals, and emergency response centers. This will help ensure that “first- 
responders” have the ability to continue operations even during worst-case condi- 
tions. Greater use of distributed generation will lessen the percentage of generated 
power that must flow through transmission and distribution systems, reducing 
strain on the grid. Higher levels of interconnection with Canada, Mexico, and ulti- 
mately other trading partners will strengthen America’s ties with these nations and 
boost security through greater economic cooperation and interdependence. 

Conclusion 

The electric grid is an essential part of American life. America has under-invested 
in maintenance of the national electric grid and in the development and deployment 
of advanced electric delivery technologies. Most of today’s existing infrastructure of 
wires, transformers, substations, and switchyards has been in use for 25 years, or 
more. The aging of this infrastructure, and the increasing requirements placed on 
it, have contributed to market inefficiencies and electricity congestion in several re- 
gions. These conditions could lead to higher prices, more outages, more power qual- 
ity disturbances, and the less efficient use of resources. Jobs, environmental protec- 
tion, public health and safety, and national security are at risk. We must act now 
or risk even greater problems in the future. 

In recognition of this, President Bush has asked the U.S. Department of Energy 
to lead a national effort to modernize the electric grid. The newly formed Office of 
Electric Transmission and Distribution has been given the assignment to do just 
that. The Office will work in partnership with the electric industry, states, and 
other stakeholders to develop a national vision of the future for America’s electric 
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grid, and a national roadmap of collaborative activities to achieve the vision. The 
Office’s activities will include research and development, technology transfer, mod- 
eling and data analysis, and policy analysis. 

Modernizing the grid will involve time, resources, and unprecedented levels of co- 
operation among the electric power industry’s many and diverse stakeholders. Nei- 
ther government nor industry can shoulder these responsibilities alone. The Office 
of Electric Transmission and Distribution stands ready to lead this transformation. 
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Appendix 


List of Technology Options for Grid Modernization 

This appendix, taken from The National Transmission Grid Study, contains a list 
of some of the technologies that are being researched and deployed to modernize the 
electric grid. The range of potential technologies is enormous and the list presented 
is not exhaustive. 

• Advanced Composite Conductors: Usually, transmission lines contain steel- 
core cables that support strands of aluminum wires, which are the primary 
conductors of electricity. New cores developed from composite materials are 
proposed to replace the steel core. 

Objective: Allow more power through new or existing transmission rights of 
way. 

Benefits: A new core consisting of composite fiber materials shows promise as 
stronger than steel-core aluminum conductors while 50 percent lighter in 
weight with up to 2.5 times less sag. The reduced weight and higher strength 
equate to greater current carrying capability as more current-carrying alu- 
minum can be added to the line. This fact along with manufacturing ad- 
vances, such as trapezoidal shaping of the aluminum strands, can reduce re- 
sistance by 10 percent, enable more compact designs with up to 50 percent 
reduction in magnetic fields, and reduce ice buildup compared to standard 
wire conductors. This technology can be integrated in the field by most exist- 
ing reconductoring equipment. 

Barriers: More experience is needed with the new composite cores to reduce 
total life-cycle costs. 

Commercial Status: Research projects and test systems are in progress. 

• High-Temperature Super-Conducting (HTSC) Technology: The conductors in 
HTSC devices operate at extremely low resistances. They require refrigera- 
tion (generally liquid nitrogen) to super-cool ceramic superconducting mate- 
rial. 

Objective: Transmit more power in existing or smaller rights of way. Used for 
transmission lines, transformers, reactors, capacitors, and current limiters. 
Benefits: Cable occupies less space (AC transmission lines bundle three phase 
together; transformers and other equipment occupy smaller footprint for same 
level of capacity). Cables can be buried to reduce exposure to electric and 
magnetic field effects and counteract visual pollution issues. Transformers 
can reduce or eliminate cooling oils that, if spilled, can damage the environ- 
ment. The HTSC itself can have a long lifetime, sharing the properties noted 
for surface cables below. 

Barriers: Maintenance costs are high (refrigeration equipment is required and 
this demands trained technicians with new skills; the complexity of system 
can result in a larger number of failure scenarios than for current equipment; 
power surges can quench (terminate superconducting properties) equipment 
requiring more advanced protection schemes). 

Commercial Status: A demonstration project is under way at Detroit Edison’s 
Frisbie substation. Four-hundred-foot cables are being installed in the sub- 
station. Self-contained devices, such as current limiters, may be added to ad- 
dress areas where space is at a premium and to simplify cooling. 

• Below-Surface Cables: The state of the art in underground cables includes 
fluid-filled polypropylene paper laminate (PPL) and extruded dielectric poly- 
ethylene (XLPE) cables. Other approaches, such as gas-insulated trans- 
mission lines (GIL), are being researched and hold promise for future applica- 
tions. 

Objective: Transmit power in areas where overhead transmission is imprac- 
tical or unpopular. 

Benefits: The benefits compared with overhead transmission lines include pro- 
tection of cable from weather, generally longer lifetimes, and reduced mainte- 
nance. These cables address environmental issues associated with EMFs and 
visual pollution associated with transmission lines. 

Barriers: Drawbacks include costs that are five to 10 times those of overhead 
transmission and challenges in repairing and replacing these cables when 
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problems arise. Nonetheless, these cables represent have made great tech- 
nical advances; the typical cost ratio a decade ago was 20 to one. 

Commercial Status: PPL cable technology is more mature than XLPE. EHV 
(extra high voltage) VAC and HVDC applications exist throughout the world. 
XLPE is gaining quickly and has advantages: low dielectric losses, simple 
maintenance, no insulating fluid to affect the environment in the event of sys- 
tem failure, and ever-smaller insulation thicknesses. GILs feature a relatively 
large-diameter tubular conductor sized for the gas insulation surrounded by 
a solid metal sleeve. This configuration translates to lower resistive and ca- 
pacitive losses, no external EMFs, good cooling properties, and reduced total 
life-cycle costs compared with other types of cables. This type of transmission 
line is installed in segments joined with orbital welders and run through tun- 
nels. This line is less flexible than the PPL or XLPE cables and is, thus far, 
experimental and significantly more expensive than those two alternatives. 

Underwater application of electric cable technology has a long history. In- 
stallations are numerous between mainland Europe, Scandinavia, and Great 
Britain. This technology is also well suited to the electricity systems linking 
islands and peninsulas, such as in Southeast Asia. The Neptune Project con- 
sists of a network of underwater cables proposed to link Maine and Canada 
Maritime generation with the rest of New England, New York, and the mid- 
Atlantic areas. 

• Tower Design Tools: A set of tools is being perfected to analyze upgrades to 
existing transmission facilities or the installation of new facilities to increase 
their power-transfer capacity and reduce maintenance. 

Objective: Ease of use and greater application of visualization techniques 
make the process more efficient and accurate when compared to traditional 
tools. Traditionally, lines have been rated conservatively. Careful analysis 
can discover the unused potential of existing facilities. Visualization tools can 
show the public the anticipated visual impact of a project prior to commence- 
ment. 

Benefits: Avoids new right-of-way issues. The cost of upgrading the thermal 
rating has been estimated at approximately $7,000 per circuit mile, but 
reconductoring a 230 kV circuit costs on the order of $120,000 per mile com- 
pared with $230,000 per mile for a new steel-pole circuit (Lionberger and 
Duke 2001). 

Barriers: This technology is making good inroads. 

Commercial Status: Several companies offer commercial products and serv- 
ices. 

Six-Phase and 12-Phase Transmission Line Configurations: The use of more 
than three phases for electric power transmission has been studied for many 
years. Using six or even 12 phases allows for greater power transfer capa- 
bility within a particular right of way, and reduced EMFs because of greater 
phase cancellation. The key technical challenge is the cost and complexity of 
integrating such high-phase-order lines into the existing three-phase grid. 

• Modular Equipment: One way to gain flexibility for changing market and 
operational situations is to develop standards for the manufacture and inte- 
gration of modular equipment. 

Objective: Develop substation designs and specifications for equipment manu- 
facturers to meet that facilitate the movement and reconfiguration of equip- 
ment in a substation to meet changing needs. 

Benefits: Reduces overall the time and expense for transmission systems to 
adapt to the changing economic and reliability landscape. 

Barriers: Requires transmission planners and substation designers to con- 
sider a broad range of operating scenarios. 

Also, developing industry standards can take a significant period, and man- 
ufacturers would need to offer conforming products. 

Commercial Status: Utilities have looked for a certain amount of standardiza- 
tion and flexibility in this area for some time; however, further work remains 
to be done. National Grid (UK) has configured a number of voltage-support 
devices that use modular construction methods. As the system evolves, the 
equipment can be moved to locations where support is needed (PA Consulting 
Group 2001). 

Ultra-High Voltage Levels: Because power is equal to the product of voltage 
times current, a highly effective approach to increasing the amount of power 
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transmitted on a transmission line is to increase its operating voltage. Since 
1969, the highest transmission voltage levels in North America have been 765 
kV, (voltage levels up to 1,000 kV are in service elsewhere). Difficulties with 
utilizing higher voltages include the need for larger towers and larger rights 
of way to get the necessary phase separation, the ionization of air near the 
surface of the conductors because of high electric fields, the high reactive 
power generation of the lines, and public concerns about electric and mag- 
netic field effects. 

• HVDC: With active control of real and reactive power transfer, HVDC can be 
modulated to damp oscillations or provide power-flow dispatch independent of 
voltage magnitudes or angles (unlike conventional AC transmission). 

Objective: HVDC is used for long-distance power transport, linking asyn- 
chronous control areas, and real-time control of power flow. 

Benefits: Stable transport of power over long distances where AC trans- 
mission lines need series compensation that can lead to stability problems. 
HVDC can run independent of system frequency and can control the amount 
of power sent through the line. This latter benefit is the same as for FACTS 
devices discussed below. 

Barriers: Drawbacks include the high cost of converter equipment and the 
need for specially trained technicians to maintain the devices. 

Commercial Status: Many long-distance HVDC links are in place around the 
world. Back-to-back converters link Texas, WSCC, and the Eastern Inter- 
connection in the U.S. More installations are being planned. 

• FACTS Compensators: Flexible AC Transmission System (FACTS) devices use 
power electronics to adjust the apparent impedance of the system. Capacitor 
banks are applied at loads and substations to provide capacitive reactive 
power to offset the inductive reactive power typical of most power system 
loads and transmission lines. With long inter-tie transmission lines, series ca- 
pacitors are used to reduce the effective impedance of the line. By adding 
thyristors to both of these types of capacitors, actively controlled reactive 
power are available using SVCs and TCSC devices, which are shunt- and se- 
ries-controlled capacitors, respectively. The thyristors are used to adjust the 
total impedance of the device by switching individual modules. Unified power- 
flow controllers (UPFCs) also fall into this category. 

Objective: FACTS devices are designed to control the flow of power through 
the transmission grid. 

Benefits: These devices can increase the transfer capacity of the transmission 
system, support bus voltages by providing reactive power, or be used to en- 
hance dynamic or transient stability. 

Barriers: As with HVDC, the power electronics are expensive and specially 
trained technicians are needed to maintain them. In addition, experience is 
needed to fully understand the coordinated control strategy of these devices 
as they penetrate the system. 

Commercial Status: As mentioned above, the viability of HVDC systems has 
already been demonstrated. American Electric Power (AEP) has installed a 
FACTS device in its system, and a new device was recently commissioned by 
the New York Power Authority (NYPA) to regulate flows in the northeast. 

• FACTS Phase-Shifting Transformers: Phase shifters are transformers config- 
ured to change the phase angle between buses; they are particularly useful 
for controlling the power flow on the transmission network. Adding thyristor 
control to the various tap settings of the phase-shifting transformer permits 
continuous control of the effective phase angle (and thus control of power 
flow). 

Objective: Adjust power flow in the system. 

Benefits: The key advantage of adding power electronics to what is currently 
a non-electronic technology is faster response time (less then one second vs. 
about one minute). However, traditional phase shifters still permit redirection 
of flows and thereby increase transmission system capacity. 

Barriers: Traditional phase shifters are deployed today. The addition of the 
power electronics to these devices is relatively straightforward but increases 
expense and involves barriers similar to those noted for FACTS compensa- 
tors. 
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Commercial Status: Tap-changing phase shifters are available today. Use of 
thyristor controls is emerging. 

• FACTS Dynamic Brakes: A dynamic brake is used to rapidly extract energy 
from a system by inserting a shunt resistance into the network. Adding 
thyristor controls to the brake permits addition of control functions, such as 
on-line damping of unstable oscillations. 

Objective: Dynamic brakes enhance power system stability. 

Benefits: This device can damp unstable oscillations triggered by equipment 
outages or system configuration changes. 

Barriers: In addition the power electronics issues mentioned earlier, siting a 
dynamic brake and tuning the device in response to specific contingencies re- 
quires careful study. 

Commercial Status: BPA has installed a dynamic brake on their system. 

• Battery Storage Devices: Batteries use converters to transform the DC in the 
storage device to the AC of the power grid. Converters also operate in the op- 
posite direction to recharge the batteries. 

Objective: Store energy generated in off-peak hours to be used for emergencies 
or on-peak needs. 

Benefits: Battery converters use thyristors that, by the virtue of their ability 
to rapidly change the power exchange, can be utilized for a variety of real- 
time control applications ranging from enhancing transient to preconditioning 
the area control error for automatic generator control enhancement. During 
their operational lifetime, batteries have a small impact on the environment. 
For distributed resources, batteries do not need to be as large as for large- 
scale generation, and they become important components for regulating 
micro-grid power and allowing interconnection with the rest of the system. 
Barriers: The expense of manufacturing and maintaining batteries has lim- 
ited their impact in the industry. 

Commercial Status: Several materials are used to manufacture batteries 
though large arrays of lead-acid batteries continue to be the most popular for 
utility installations. Interest is also growing in so-called “flow batteries” that 
charge and discharge a working fluid exchanged between two tanks. The 
emergence of the distributed energy business has increased the interest in de- 
ploying batteries for regional energy storage. One of the early battery instal- 
lations that demonstrated grid benefit was a joint project between EPRI and 
Southern California Edison at the Chino substation in southern California. 

• Super-conducting Magnetic Energy Storage (SMES): SMES uses cryogenic 
technology to store energy by circulating current in a super-conducting coil. 
Objective: Store energy generated in off-peak hours to be used for emergencies 
or on-peak needs. 

Benefits: The benefits are similar to those for batteries. SMES devices are ef- 
ficient because of their super-conductive properties. They are also very com- 
pact for the amount of energy stored. 

Barriers: As with the super-conducting equipment mentioned in the passive 
equipment section above, SMES entails costs for the cooling system, the spe- 
cial protection needed in the event the super-conducting device quenches, and 
the specialized skills required to maintain the device. 

Commercial Status: Several SMES units have been commissioned in North 
America. They have been deployed at Owens Corning to protect plant proc- 
esses, and at Wisconsin Public Service to address low-voltage and grid insta- 
bility issues. 

• Pumped Hydro and Compressed-Air Storage: Pumped hydro consists of large 
ponds witb turbines that can be run in either pump or generation modes. 
During periods of light load (e.g., night) excess, inexpensive capacity drives 
the pumps to fill the upper pond. During heavy load periods, the water gen- 
erates electricity into the grid. Compressed air storage uses the same prin- 
ciple except that large, natural underground vaults are used to store air 
under pressure during light-load periods. 

Objective: This technology helps shave peak and can help in light-load, high- 
voltage situations. 

Benefits: These storage systems behave like conventional generation and have 
the benefit of producing additional generation sources that can be dispatched 
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to meet various energy and power needs of the system. Air emission issues 
can be mitigated when base generation is used in off-peak periods as an alter- 
native to potentially high-polluting peaking units during high use periods. 
Barriers: Pumped hydro, like any hydro generation project, requires signifi- 
cant space and has corresponding ecological impact. The loss of efficiency be- 
tween pumping and generation as well as the installation and maintenance 
costs must be outweighed by the benefits. 

Commercial Status: Pumped hydro projects are sprinkled across North Amer- 
ica. A compressed-air storage plant was built in Alabama, and a proposed fa- 
cility in Ohio may become the world’s largest. 

• Flywheels: Flywheels spin at high velocity to store energy. As with pumped 
hydro or compressed-air storage, the flywheel is connected to a motor that ei- 
ther accelerates the flywheel to store energy or draws energy to generate elec- 
tricity. The flywheel rotors are specially designed to significantly reduce 
losses. Super conductivity technology has also been deployed to increase effi- 
ciency. 

Objective: Shave peak energy demand and help in light-load, high-voltage sit- 
uations. As a distributed resource, flywheels enhance power quality and reli- 
ability. 

Benefits: Flywheel technology has reached low-loss, high-efficiency levels 
using rotors made of composite materials running in vacuum spaces. Emis- 
sions are not an issue for flywheels, except those related to the energy ex- 
pended to accelerate and maintain the flywheel system. 

Barriers: The use of super-conductivity technology faces the same barriers as 
noted above under super-conducting cables and SMES. High-energy-storage 
flywheels require significant space and the high-speed spinning mass can be 
dangerous if the equipment fails. 

Commercial Status: Flywheel systems coupled with batteries are making in- 
roads for small systems (e.g., computer UPS, local loads, electric vehicles). 
Flywheels rated in the 100 to 200 kW range are proposed for development 
in the near-term. 

• Price-Responsive Load: Fast-acting load control is an important element in ac- 
tive measures for enhancing the transmission grid. Automatic load shedding 
(under-frequency, under-voltage), operator-initiated interruptible load, de- 
mand-side management programs, voltage reduction, and other load-curtail- 
ment strategies have long been an integral part of coping with unforeseen 
contingencies as a last resort, and/or as a means of assisting the system dur- 
ing high stress, overloaded conditions. The electricity industry has been char- 
acterized by relatively long-term contracts for electricity use. As the industry 
restructures to be more market-driven, adjusting demand based on market 
signals will become an important tool for grid operators. 

Objective: Inform energy users of system conditions though price signals that 
nudge consumption into positions that make the system more reliable and 
economic. 

Benefits: The approach reduces the need for new transmission and siting of 
new generation. Providing incentives to change load in appropriate regions of 
the system can stabilize energy markets and enhance system reliability. 
Shifting load from peak periods to less polluting off-peak periods can reduce 
emissions. 

Barriers: The vast number of loads in the system makes communication and 
coordination difficult. Also, using economic signals in real time or near-real 
time to affect demand usage has not been part of the control structure that 
has been used by the industry for decades. A common vision and interface 
standards are needed to coordinate the information exchange required. 
Commercial Status: Demand-management programs have been implemented 
in various areas of the country. These have relied on centralized control. With 
the advent of the Internet and new distributed information technology ap- 
proaches, firms are emerging to take advantage of this technology with a 
more distributed control strategy. 

• Intelligent Building Systems: Energy can be saved through increasing the effi- 
cient operation of buildings and factories. Coordinated utilization of cooling, 
heating, and electricity in these establishments can significantly reduce en- 
ergy consumption. Operated in a system that supports price-responsive load, 
intelligent building systems can benefit system operations. Note: these sys- 
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terns may have their own, local generation. Such systems have the option of 
selling power to the grid as well as buying power. 

Objective: Reduce energy costs and provide energy management resources to 
stabilize energy markets and enhance system reliability. 

Benefits: Such systems optimize energy consumption for the building opera- 
tors and may provide system operators with energy by reducing load or in- 
creasing local generation based on market conditions. 

Barriers: These systems require a greater number of sensors and more com- 
plex control schemes than are common today. Should energy market access 
become available at the building level, the price incentives would increase. 
Commercial Status: Pilot projects have been implemented throughout the 
country. 

• Distributed Generation (DG): Fuel cells, micro-turbines, diesel generators, and 
other technologies are being integrated using power electronics. As these dis- 
tributed resources increase in number, they can become a significant resource 
for reliable system operations. Their vast numbers and teaming with local 
load put them in a similar category to the controllable load discussed above. 
Objective: Address local demand cost-effectively. 

Benefits: DG is generally easier to site, entails smaller individual financial 
outlay, and can be more rapidly installed than large-scale generation. DG can 
supply local load or sell into the system and offers owners self-determination. 
Recovery and use of waste heat from some DG greatly increases energy effi- 
ciency. 

Barriers: Volatility of fuel costs and dependence on the fuel delivery infra- 
structure creates financial and reliability risks. DG units require mainte- 
nance and operations expertise, and utilities can set up discouraging rules for 
interconnection. System operators have so far had difficulty coordinating the 
impact of DG. 

Commercial Status: Deployment of DG units continues to increase. As with 
controllable load, system operations are recognizing the potential positive im- 
plications of DG to stabilize market prices and enhance system reliability 
though this requires a different way of thinking from the traditional, hier- 
archical control paradigm. 

• Power-System Device Sensors: The operation of most of the individual devices 
in a power system (such as transmission lines, cables, transformers, and cir- 
cuit breakers) is limited by each device’s thermal characteristics. In short, 
trying to put too much power through a device will cause it to heat exces- 
sively and eventually fail. Because the limits are thermal, their actual values 
are highly dependent upon each device’s heat dissipation, which is related to 
ambient conditions. The actual flow of power through most power-system de- 
vices is already adequately measured. The need is for improved sensors to dy- 
namically determine the limits by directly or indirectly measuring tempera- 
ture. 

• Direct Measurement of Conductor Sag: For overhead transmission lines the 
ultimate limiting factor is usually conductor sag. As wires heat, they expand, 
causing the line to sag. Too mucb sag will eventually result in a short circuit 
because of arcing from the line to whatever is underneath. 

Objective: Dynamically determine line capacity by directly measuring the sag 
on critical line segments. 

Benefits: Dynamically determined line ratings allow for increased power ca- 
pacity under most operating conditions. 

Barriers: Requires continuous monitoring of critical spans. Cost depends on 
the number of critical spans that must be monitored, the cost of the associ- 
ated sensor technology, and ongoing cost of communication. 

Commercial Status: Pre-commercial units are currently being tested. Ap- 
proaches include either video or the use of differential GPS. EPRI currently 
is testing a video-based “sagometer.” An alternative is to use differential GPS 
to directly measure sag. Differential GPS has been demonstrated to be accu- 
rate significantly below half a meter. 

• Indirect Measurement of Conductor Sag: Transmission line sag can also be es- 
timated by physically measuring the conductor temperature using an instru- 
ment directly mounted on the line and/or a second instrument that measures 
conductor tension at the insulator supports. 
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Objective: Dynamically determine the line capacity. 

Benefits: Dynamically determined line ratings allow for increased power ca- 
pacity under most operating conditions. 

Barriers: Requires continuous monitoring of critical spans. Cost depends upon 
the number of critical spans that must be monitored, the cost of the associ- 
ated sensor technology, and ongoing costs of communication. 

Commercial Status: Commercial units are available. 

• Indirect Measurement of Transformer Coil Temperature: Similar to trans- 
mission line operation, transformer operation is limited by thermal con- 
straints. However, transformers constraints are localized hot spots on the 
windings that result in breakdown of insulation. 

Objective: Dynamically determine transformer capacity. 

Benefits: Dynamically determined transformer ratings allow for increased 
power capacity under most operating conditions. 

Barriers: The simple use of oil temperature measurements is usually consid- 
ered to be unreliable. 

Commercial Status: Sophisticated monitoring tools are now commercially 
available that combine several different temperature and current measure- 
ments to dynamically determine temperature hot spots. 

• Underground / Submarine Cable Monitoring I Diagnostics: The below-surface 
cable systems described above require real-time monitoring to maximize their 
use and warn of potential failure. 

Objective: Incorporate real-time sensing equipment to detect potentially haz- 
ardous operating situations as well as dynamic limits for safe flow of energy. 
Benefits: Monitoring equipment maximizes the use of the transmission asset, 
mitigates the risk of failure and the ensuing expense of repair, and supports 
preventive maintenance procedures. The basic sensing and monitoring tech- 
nology is available today. 

Barriers: The level of sophistication of the sensing and monitoring equipment 
adds to the cost of the cable system. The use of dynamic limits must also be 
integrated into system operation procedures and the associated tools of exist- 
ing control facilities. 

Commercial Status: Newer cable systems are being designed with monitoring/ 
diagnostics in mind. Cable temperature, dynamic thermal rating calculations, 
partial discharge detection, moisture ingress, cable damage, hydraulic condi- 
tion (as appropriate), and loss detection are some of the sensing functions 
being put in place. Multi-functional cables are also being designed and de- 
ployed (particularly submarine cables) that include communications capabili- 
ties. Monitoring is being integrated directly into the manufacturing process 
of these cables. 

• Direct System-State Sensors: In some situations, transmission capability is not 
limited by individual devices but rather by region-wide dynamic loadability 
constraints. These include transient stability limitations, oscillatory stability 
limitations, and voltage stability limitations. Because the time frame associ- 
ated with these phenomena is much shorter than that associated with ther- 
mal overloads, predicting, detecting and responding to these events requires 
much faster real-time state sensors than for thermal conditions. The system 
state is characterized ultimately by the voltage magnitudes and angles at all 
the system buses. The goal of these sensors is to provide these data at a high 
sampling rate. 

• Power-System Monitors 

Objective: Collect essential signals (key power flows, bus voltages, alarms, 
etc.) from local monitors available to site operators, selectively forwarding to 
the control center or to system analysts. 

Benefits: Provides regional surveillance over important parts of the control 
system to verify system performance in real time. 

Barriers: Existing SCADA and Energy Management Systems provide low- 
speed data access for the utility’s infrastructure. Building a network of high- 
speed data monitors with intra-regional breadth requires collaboration among 
utilities within the interconnected power system. 

Commercial Status: BPA has developed a network of dynamic monitors col- 
lecting high-speed data, first with the power system analysis monitor 
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(PSAM), and later with the portable power system monitor (PPSM), both 
early examples of WAMS products. 

• Phasor Measurement Units (PMUs) 

Objective: PMUs are synchronized digital transducers that can stream data, 
in real time, to phasor data concentrator (PDC) units. The general functions 
and topology for this network resemble those for dynamic monitor networks. 
Data quality for phasor technology appears to be very high, and secondary 
processing of the acquired phasors can provide a broad range of signal types. 
Benefits: Phasor networks have best value in applications that are mission 
critical and that involve truly wide-area measurements. 

Barriers: Establishing PMU networks is straightforward and has already 
been done. The primary impediment is cost and assuring value for the invest- 
ment (making best use of the data collected). 

Commercial Status: PMU networks have been deployed at several utilities 
across the country. 

Biography for James W. Glotfelty 

Jimmy Glotfelty is currently Director of the Office of Electric Transmission and 
Distribution at the Department of Energy. This new office was established by Sec- 
retary Spencer Abraham to focus attention on the policy and research and develop- 
ment needs of the Transmission and Distribution systems. Prior to this position, he 
served as Senior Policy Advisor to Secretary Abraham. He is senior leader in the 
implementation of President Bush’s National Energy Policy. He advises the Sec- 
retary on policy concerning electricity, transmission, interconnection, siting, and 
other areas within the DOE. He works closely with members of Congress and mem- 
bers of the FERC in order to ensure that we continue to move toward competitive 
wholesale electric markets. He is also responsible for the development of the na- 
tional grid study to identify major bottlenecks across the U.S. 

Prior to joining the DOE, Jimmy served as Director of Government and Regu- 
latory Affairs for Calpine Corporation’s Central Region. He actively pursued restruc- 
tured markets and new wholesale and retail markets for new power generation com- 
panies in Texas, Louisiana, Alabama, and Mexico. In addition to government affairs, 
Jimmy oversaw Calpine’s Central Region public affairs efforts. 

From 1994 to 1998, Jimmy served as Director of General Government Policy and 
Senior Energy Advisor to Governor George W. Bush. He spearheaded many oil and 
gas initiatives, served as the Governor’s office point staff member on both wholesale 
and retail electric restructuring in Texas, and oversaw the Texas State Energy Of- 
fice. In addition to energy issues, Jimmy founded and managed the Governors High 
Technology Council, and was responsible for policy initiatives in the telecommuni- 
cations, banking, housing, and pension arenas. 

During his career, Jimmy was Legislative Director for Congressman Sam Johnson 
(R-TX) where he was responsible for all legislative operations as well as energy, 
banking, and telecommunications issues. Jimmy has also served as Finance Director 
for the Republican Party of Texas and as Research Director for the lobby and public 
affairs firm Dutko and Associates. 

Jimmy resides in Arlington, VA with his wife, Molly, and sons, Chase and Walker. 

Chairwoman BlGGERT. Thank you so much. 

Mr. Glauthier is recognized. Am I pronouncing that correctly? 

Mr. Glauthier. Yes, that is fine. Glauthier. Thank you. 
Chairwoman BlGGERT. Glauthier. Thank you. 

STATEMENT OF MR. T.J. GLAUTHIER, PRESIDENT AND CEO, 
ELECTRICITY INNOVATION INSTITUTE, PALO ALTO, CA 

Mr. Glauthier. Thank you, Madame Chair and Members of the 
Subcommittee. I am T.J. Glauthier, the President and CEO of the 
Electricity Innovation Institute, an affiliate of EPRI, the Electric 
Power Research Institute. With me today, also, is Dr. Dan Sobajic, 
the Director of Grid Reliability and Power Markets at EPRI. I am 
here today testifying on behalf of both organizations. I will summa- 
rize my testimony. 
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As you know, EPRI is a non-profit scientific organization formed 
by U.S. electric utilities 30 years ago to manage a collaborative re- 
search program on behalf of utilities, their customers, and society. 
Today, EPRI has more than 1,000 members, including utilities of 
all owner types, independent system operators and independent 
power producers, and others. Electricity Innovation Institute was 
formed two years ago by the EPRI Board of Directors as an affili- 
ated public benefit organization to sponsor long-term strategic R&D 
programs through public/private partnerships. Its Board of Direc- 
tors is primarily composed of independent, bipartisan, public rep- 
resentatives. 

Both organizations are already actively engaged in R&D to mod- 
ernize the electricity grid. Two years ago, in response to the events 
of September 11, 2001, an interdisciplinary EPRI team prepared a 
preliminary analysis of potential terrorist threats to the U.S. elec- 
tricity system. Out of this effort grew an infrastructure security ini- 
tiative, which has undertaken a short-term, tightly focused effort 
to identify key vulnerabilities and to design immediately applicable 
countermeasures. 

In addition, we recently have begun work with the Department 
of Homeland Security in which we are bringing utilities and ISOs 
together with DHS to help develop a system for them to monitor 
the security of the national power grid in real time. Now, after the 
power outage of August 14, EPRI is actively supporting the U.S./ 
Canada joint task force working with DOE and the North Amer- 
ican Electric Reliability Council, NERC. 

There are several current technologies that could be more widely 
used today to increase system reliability and security. First, there 
are gaps in the coverage of SCADA and EMS systems, which 
should be remedied. Second, system operators need to have greater 
visibility into what is happening in neighboring control areas. 
EPRI, Department of Energy, and others have demonstrated sys- 
tems that could do this. Third, State estimators, systems that are 
needed for real time management of the grid, are not being fully 
utilized in many control areas today. And finally, there are some 
technologies that are either ready now or in nearing commercial 
availability, which include a Dynamic Thermal Circuit Rating sys- 
tem for improved management of transmission lines, new advanced 
high-temperature, lightweight conductors or transmission lines, 
which are undergoing testing by EPRI and the Department of En- 
ergy as noted by the previous witness, and FACTS devices, Flexible 
AC Transmission Systems that can control direct power flows, in- 
cluding loop flows. 

All of this is a precursor to the smart grid, which will be the 
modernization of the electricity transmission and distribution sys- 
tem to be an intelligent, always on, self-healing grid. It will recog- 
nize power system vulnerabilities and alert operators to them, and 
in the event of a failure, will automatically island off those areas 
to isolate the problem. Smart grid will also support a more diverse 
and complex network of energy technologies, including an array of 
locally installed distributed power sources, such as fuel cells, solar 
power, and combined heat and power systems. This will give the 
system greater resilience, enhance security, and improve reliability. 
We believe such a smart grid will yield significant benefits both in 
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power — in reducing the cost of power disturbances to the economy 
and in enabling a new phase of entrepreneurial innovation, which 
will, in turn, accelerate energy efficiency, productivity, and eco- 
nomic growth for the Nation. 

We offer four recommendations for the Energy Bill and have sub- 
mitted legislative language to carry these out. First, to establish 
the smart grid as a national priority. This could increase the pace 
and level of commitment to the modernization of the electricity 
grid. Second, to authorize increased funding for R&D and for an 
aggressive program of technology demonstration and early deploy- 
ment projects. We estimate that this will require increased federal 
funding for the Department of Energy on the scale of approxi- 
mately $1 billion over the next five years, with the private sector 
contributing a significant amount of matching funding. Third, rec- 
ognize a public/private institutional role for the R&D. It is vitally 
important that this program be carried out in partnership with the 
private sector. It is the industry that will ultimately be responsible 
for building, maintaining, and operating the electricity system to 
keep the lights on. This is more than a research program; it is an 
engineering and operations program on which the country will rely. 
And finally, develop a national approach for long-term funding of 
deployment, which will require approximately $100 billion over a 
decade, $10 billion a year for 10 years. We need a national financ- 
ing approach that will be effective, fair, and equitable for all parts 
of society. We urge the Congress to include language in the Energy 
Bill that directs the Administration to work with the industry, the 
states, customers, and others to develop a recommendation and re- 
port back one year after enactment. 

In conclusion, this committee and the Congress can play a piv- 
otal role in leading the modernization of the Nation’s electricity in- 
frastructure for the 21st century. 

Thank you, Madame Chair. I welcome any questions. 

[The prepared statement of Mr. Glauthier follows:] 

Prepared Statement of T. J. Glauthier 

Thank you, Madam Chair, I am T.J. Glauthier, President and CEO of the Elec- 
tricity Innovation Institute, an affiliate of EPRI, the Electric Power Research Insti- 
tute. With me today is Deian Sobajic, Director of Grid Reliability and Power Mar- 
kets at EPRI. 

As you know, EPRI is a non-profit, tax-exempt, scientific organization formed by 
U.S. electric utilities in 1972 to manage a national, public-private collaborative re- 
search program on behalf of EPRI members, their customers, and society. Today 
EPRI has more than 1,000 members, including utilities of all owner types (both 
U.S.-based and international), independent system operators (ISOs), independent 
power producers, and government agencies, collectively funding an electricity-re- 
lated scientific research and technology development program that spans every as- 
pect of power generation, delivery, and use. 

The Electricity Innovation Institute (E2I), formed two years ago by the EPRI 
Board of Directors as an affiliated non-profit, public benefit organization, sponsors 
longer-term, strategic R&D programs through public-private partnerships. Its Board 
of Directors is primarily composed of independent, bipartisan, public representa- 
tives. 

E2I is already actively engaged in modernizing the electricity grid. For example, 
with technical support from EPRI, 18 months ago we began a public-private R&D 
partnership to design and develop the system of technologies enabling a self-healing, 
‘smart grid.’ This partnership involves a number of public and private utility compa- 
nies, the Department of Energy (DOE), several states, and the high tech industry. 
It has one multi-million dollar contract underway, with a team that includes Gen- 
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eral Electric, Lucent Technologies and others, to design an ‘open architecture’ for 
the smart grid. 

EPRI and E2I actively support the dialogue on national energy legislation by pro- 
viding objective information and knowledge on energy technology, the electricity sys- 
tem and related R&D issues. 

I sincerely appreciate the opportunity to address this distinguished Committee on 
a subject about which we are all concerned. The electric power system represents 
the fundamental national infrastructure, upon which all other infrastructures de- 
pend for their daily operations. As we learned from the recent Northeast blackout, 
without electricity, municipal water pumps don’t work, vehicular traffic grinds to a 
halt at intersections, subway trains stop between stations, and elevators stop be- 
tween floors. The August 14th blackout also illustrated how vulnerable a regional 
power network can be to cascading outages caused by initially small — and still not 
fully understood — local problems. 

In response to the Committee’s request, my testimony today provides some of 
EPRI’s and E2I’s views on technology issues that require further attention to im- 
prove the effectiveness and reliability of the Nation’s interconnected power systems. 
This testimony will be supplemented with a matrix table as requested by the Com- 
mittee. 

Context for power reliability 

Power system reliability is the product of many activities — planning, mainte- 
nance, operations, regulatory and reliability standards — all of which must be consid- 
ered as the Nation makes the transition over the longer-term to a more efficient and 
effective power delivery system. While there are specific technologies that can be 
more widely applied to improve reliability both in the near- and intermediate-term, 
the inescapable reality is that there must be more than simply sufficient capacity 
in both generation and transmission in order for the system to operate reliably. 

The emergence of a competitive market in wholesale power transactions over the 
past decade has consumed much of the operating margin in transmission capacity 
that traditionally existed and helped to avert outages. Moreover, a lack of incentives 
for continuing investment in both new generating capacity and power delivery infra- 
structure has left the overall system much more vulnerable to the weakening effects 
of what would normally be low-level, isolated events and disturbances. 

Two years ago, in response to the events of September 11, 2001, an inter-discipli- 
nary EPRI team prepared the Electricity Infrastructure Security Assessment, a pre- 
liminary analysis of potential terrorist threats to the U.S. electricity system. Out of 
this effort grew the Infrastructure Security Initiative (ISI), which has undertaken 
a short-term, tightly focused effort to identify key vulnerabilities and design imme- 
diately applicable countermeasures. The initial phase of the ISI has been completed 
and work is now underway to implement some of the technological solutions identi- 
fied. More recently, E2I and EPRI began work with the Department of Homeland 
Security (DHS) to establish the National Electric Infrastructure Security Monitoring 
System (NESEC). This system will enable DHS to monitor the security of the na- 
tional power grid in real time and can be used to identify and diagnose unusual 
events that might signal a terrorist attack in its early stages. Such a system could 
also be used to monitor grid operations for disturbances with potential to impact re- 
liability. 

The electric power industry is one of the most data intensive and computing 
power-reliant of all industries, with Supervisory Control and Data Acquisition 
(SCADA) systems collecting data and sending control signals over wide geographical 
regions, in conjunction with the analytical functions performed by highly computer- 
ized Energy Management Systems (EMS). 

EPRI is actively supporting the U.S. -Canada Joint Task Force on the power out- 
age of August 14th, working with DOE and the North American Electric Reliability 
Council (NERC). Based on information assembled and published by the task force 
so far, some basic, bottom-line preliminary implications can be drawn. One is that 
better, more complete information about system conditions in the affected region 
could have enabled quicker response by the various system operators, which might 
have helped avert so widespread an outage. 

A significant weakness of the North American power system is that, despite the 
computing power that is applied, not all parts of the power system are presently 
covered by SCADA and EMS systems. There are gaps in coverage, and some critical 
parameters must be computed from other measurements. EPRI strongly rec- 
ommends that the industry move toward completing the data picture by ensuring 
that all transmission facilities down to the 169-kilovolt level are fully measurable 
and observable — in real time — for five key parameters: active power, reactive power, 
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current, voltage, and frequency. In addition, each of the 150 individual control areas 
need to implement complete SCADA coverage for the entire system. 

Seeing the bigger picture 

System operators also need the capability for a wide-area view of what is hap- 
pening in neighboring control areas. This would represent a major improvement 
over existing conditions, under which operators cannot access the same level of in- 
formation on neighboring systems that they have on their own system. Two years 
ago, in cooperation with NERC, EPRI conducted an R&D project sponsored under 
the industry-funded Reliability Initiative, which demonstrated an integrated, real- 
time visualization of the nationwide interconnected system, incorporating data on 
critical operating measurements from each control center, using the Internet for 
communication. There are similar demonstration efforts underway by other organi- 
zations as well. For a relatively modest cost, such a system could be made available 
to all system operators. 

A related issue involves interpretation and analysis of the operating data from 
SCADA and EMS systems. EMS application software programs known as state esti- 
mators are employed to process data and compute values for system parameters 
that are not measured. Results are critical for doing more complex analyses, such 
as contingency analyses of the impact of losing various system elements, such as 
power plants or transmission lines. Yet because of low confidence in the computed 
results for real-time decision-making, very few control center EMS state estimators 
are fully utilized today. EPRI believes that credible, complete information from oper- 
ational state estimators is essential for reliability and should be required in all con- 
trol areas. 

Near-term solutions 

One relatively simple technology developed by EPRI and successfully dem- 
onstrated by several utilities could contribute to improved system reliability by ena- 
bling increased confidence of safe loading levels for transmission lines above their 
conservative static ratings. By integrating real-time sensor data on ambient tem- 
perature, wind speed, and line sag on specific circuits, EPRI’s Dynamic Thermal 
Circuit Rating (DTCR) system allows operators to move more power on lines with 
reduced risk of thermal overload. DTCR is low-cost and can be quickly deployed on 
thermally constrained lines. Such dynamic line ratings, along with more complete 
SCADA coverage, would represent key inputs for more probabilistic-based contin- 
gency analyses of system instability. Such probabilistic-based analyses could extend 
the scope of contingencies considered from the loss of a single transmission line or 
generating source (N-l contingency), which is the current criterion, to the simulta- 
neous loss of multiple lines or generators (N— 2 contingency). 

On the hardware side of T&D systems, a mid-term solution for increasing the ca- 
pacity of existing transmission corridors may soon be ready for commercial deploy- 
ment: advanced high-temperature, low-sag conductors. These advanced conductors 
have the potential to increase current carrying capacity of thermally constrained 
transmission lines by as much as 30 percent or more. Five new types of aluminum 
conductor designs, reinforced or supported with steel or composite material, are 
being investigated by EPRI in collaboration with member utilities. One type is al- 
ready under field test in a project with CenterPoint Energy in Houston; it also 
promises more rapid installation, since it has already been demonstrated that the 
conductors can be strung while energized. This work complements related ongoing 
activity supported by DOE’s Office of Electric Transmission and Distribution, in- 
cluding testing activity at Oak Ridge National Laboratory. 

Facing up to loop flows 

Numerous knowledgeable power system engineers have warned for many years 
that the phenomenon of loop flow would eventually have important implications for 
reliability, but those warnings have largely gone unheeded with the emergence of 
a competitive, wholesale bulk electricity market. Preliminary indications are that 
loop flows of power around the Lake Erie region may have played a role in the Aug. 
14th blackout. 

Loop flows are a key unresolved issue facing the industry today in terms how the 
power system status appears to operators, yet such flows generally are not ac- 
counted for in day-to-day operations. Loop flows result from the basic physics of 
electricity, which follows all available paths of least resistance, rather than a single 
line on a contract path from point A to point B. These loop flows have been present 
ever since power grids began to become interconnected, but only recently have loop 
flows reached a level sufficient to cause problems. With today’s reduced operating 
margins of transmission capacity, they can make the difference between safe oper- 
ating conditions and system overload. 
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Loop flows can be controlled with solid-state power electronics technology, such 
as Flexible AC Transmission Systems (FACTS) technology developed by EPRI and 
power equipment vendors, but specific operating practices are necessary that re- 
quire EMS state estimator information to establish proper settings for mitigation. 
FACTS technologies deployed in various configurations promise a new dimension of 
high-speed control flexibility to change the power system state and react to changes 
in ways that we cannot today. However, FACTS technologies are still emerging and 
their cost and size must be further reduced through continued R&D efforts before 
they are economical for widespread deployment. 

In addition to DTCR and improved data exchange standards and system informa- 
tion coverage, other near-term steps that could contribute to improved reliability in- 
clude improved operator training, both for normal operation under heavy loading 
conditions and for service restoration from outages. Operators require more informa- 
tion in order to perform restoration procedures than are required under normal op- 
erating conditions. Reiterating the importance of a holistic approach to reliability, 
transmission and distribution infrastructure maintenance should be afforded the 
same priority as system planning, operations, and energy marketing that are ad- 
dressed by standing NERC standards committees. 

Given that energy legislation now under consideration by the Congress would es- 
tablish mandatory, enforceable reliability standards under NERC supervision, such 
standards should specifically address requirements for the provision of, and com- 
pensation for, reactive power for voltage support. Although the significance of this 
somewhat arcane component of alternating current transmission is lost on many 
people not trained in electrical engineering, its critical importance in the operation 
of interconnected systems and long distance transmission cannot be overempha- 
sized. Reactive power is a non-billable, but essential, component of real or active 
power that helps maintain voltage and is critical for magnetizing the coils in large 
inductive loads so they can start up and begin drawing real power. 

Intermediate term measures 

Beyond the more immediate steps and technologies available for boosting power 
system reliability, development of a number of emerging technologies that are still 
not yet ready for commercial deployment could benefit from increased industry and 
government support for demonstration efforts. These include the demonstration and 
integration of new inter-system communication standards based on open protocols 
to enable data exchange among equipment from different vendors, including SCADA 
and EMS systems. Two prime examples of such standards are the EPRI-developed 
Utility Communications Architecture for connecting equipment from different ven- 
dors and the Inter-Control Area Communication Protocol for linking control centers 
and regional transmission organizations. 

As described more fully below, EPRI’s ultimate vision for the future of power de- 
livery is an electronic, self-healing, adaptive ‘smart’ power grid. However, realizing 
this vision fully will require development, demonstration, and integration over the 
next decade of key elements that do not yet exist, such as intelligent software to 
reconfigure systems to prevent blackouts. Yet features of the self-healing grid of the 
future can be demonstrated today using off-the-shelf, recently developed tech- 
nologies. Such demonstrations could begin providing near-term benefits during the 
next several years, before the complete vision of a ‘smart’ grid becomes reality with- 
in the next decade. 

The Electricity Innovation Institute (E2I), a non-profit affiliate of EPRI estab- 
lished to pursue public-private partnerships for strategic electricity R&D, is pro- 
posing just such a partnership to demonstrate Dynamic Risk and Reliability Man- 
agement (DRRM). The proposed effort would develop and demonstrate a set of real- 
time tools to enable system operators to see and quickly react to grid conditions that 
threaten to cause outages. Unlike existing technologies, the tool set will combine a 
picture of real-time vulnerabilities with an assessment of the status of grid compo- 
nents to pinpoint “hot spots,” or areas where equipment failure could precipitate a 
widespread outage. Existing tools focus on monitoring the health of equipment or 
monitoring the status of the grid, but have not yet been effectively combined into 
one tool capable of providing a clear picture of overall risk. DRRM requires all the 
previously mentioned short-term improvements in data integrity and coverage in 
order to be effective. 

E2I is proposing to take maximum advantage of ongoing R&D to develop and im- 
plement a working demonstration of DRRM in the shortest possible time. Tools such 
as the EPRI-developed Maintenance Management Workstation for transmission sub- 
stations, Probabilistic Risk Assessment for contingency analyses, Visualization of 
transmission conditions via EPRI’s Community Activity Room™ software, Trans- 
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former Advisor expert diagnostic system, and others will be brought together to sup- 
port DRRM development. 

E2I is already engaged with several utility partners anxious to demonstrate 
DRRM tools on their transmission systems. The proposed work will require invest- 
ment of $10 million to $20 million and take approximately two years to complete. 
Once demonstrated, DRRM will be designed for rapid deployment by transmission 
operators and RTOs. Results of using DRRM would provide the quantitative basis 
to support risk-based revisions to contingency analyses, reliability criteria, and oper- 
ating practices. 

Adaptive, self-healing response at the speed of light 

The smart grid encompasses both the long distance transmission system and the 
local distribution systems. Central to the concept is that it incorporate ubiquitous 
sensors throughout the entire delivery system and facilities, employ instant commu- 
nications and computing power, and use solid-state power electronics to sense and, 
where needed, control power flows and mitigate disturbances instantly. The up- 
graded system will have the ability to read and diagnose problems, and in the event 
of a disruption from either natural or man-made causes, it will be ‘self-healing’ by 
automatically isolating affected areas and re-routing power to keep the rest of the 
system up and running. It will be alert to problems as they unfold, and able to re- 
spond at the speed of light. 

Another advantage of the smart grid is that it will be able to support a more di- 
verse and complex network of energy technologies. Specifically, it will be able to 
seamlessly integrate an array of locally installed, distributed power sources, such 
as fuel cells, solar power, and combined heat and power systems, with traditional 
central-station power generation. This will give the system greater resilience, en- 
hance security and improve reliability. It will also provide a network to support 
new, more energy efficient appliances and machinery, and offer intelligent energy 
management systems in homes and businesses. For utilities and their customers, 
‘smart’ grid technology could also enable the incorporation of significant amounts of 
electricity stored in battery systems, flywheels, compressed-air, and other forms of 
storage, when they are economical, for load management, voltage support, frequency 
regulation, and other beneficial applications, including providing a buffer between 
sensitive equipment and momentary power disturbances. 

The enhanced security, quality, reliability, availability, and efficiency of electric 
power from such a smart grid will yield significant benefits. It will strengthen the 
essential infrastructure that sustains our homeland security. Moreover, it will re- 
duce the cost of power disturbances to the economy, which have been estimated by 
EPRI to be at least $100 billion per year — and that’s in a normal year, not including 
extreme events, such as the recent outage. Further, by being better able to support 
the digital technology of business and industry, the smart grid will also enable a 
new phase of entrepreneurial innovation, which will in turn accelerate energy effi- 
ciency, productivity and economic growth for the Nation. 

The economic benefits of the smart grid are difficult to predict in advance, but 
they will consist of two parts. These are stemming the losses to the U.S. economy 
from power disturbances of all kinds, which are now on the order of one percent 
of U.S. gross domestic product, and taking the brake off of economic growth that 
can be imposed by an aging infrastructure. 

Electricity Sector Framework for the Future 

On August 25, 2003, EPRI released a report on the current challenges facing the 
electricity sector in the U.S., outlining a Framework for Action. The report, the Elec- 
tricity Sector Framework for the Future (ESFF), was completed prior to the August 
14 outage, and was developed over the past year under the leadership and direction 
of the EPRI Board of Directors. 

EPRI engaged more than 100 organizations and held a series of regional work- 
shops, including a diverse group of stakeholders — customers, suppliers, elected offi- 
cials, environmentalists, and others — in producing the Framework. That dialogue 
provided valuable insights into the causes of problems, such as the disincentives for 
investment and modernization in transmission facilities, which have become much 
more widely recognized since the August outage. 

The ESFF report lays out a coherent vision of future risks and opportunities, and 
of a number of the issues that must be dealt with in order to reach that future. 
It also reflects viewpoints widely shared by the broader electricity stakeholder com- 
munity that contributed to its development. Its vision of the future will be based 
on a transformed electricity infrastructure that is secure, reliable, environmentally 
friendly, and imbued with the flexibility and resilience that will come from modern 
digital electronics, communications, and advanced computing. 
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But to arrive at that future, many parties must take action in the near-term. The 
report calls upon Congress to take action in a number of areas, such as establishing 
mandatory reliability standards, clarifying regulatory jurisdictions, and helping to 
restore investor confidence in the electricity sector so that needed investments can 
be made. 

EPRI President and CEO Kurt Yeager and I presented a staff briefing on the 
Electricity Sector Framework for the Future that was hosted by this committee on 
September 11, 2003. The full ESFF report is also publicly available. 

Recommended Congressional action 

Current legislation under consideration by Congress contains some good provi- 
sions in support of technology development, but the national transformation of the 
grid is so important that it requires stronger action and support from the Congress 
in the energy bill. EPRI submitted specific legislative language, focusing on the 
technology and R&D areas that we believe are vital to modernizing the Nation’s 
electricity transmission and distribution grid, to the House and Senate leadership 
who are currently meeting to discuss H.R. 6. In addition, there are four key areas 
of technology policy that the energy legislation should address, as described below: 

1. Establish the ‘Smart Grid’ as a national priority 

Congress can provide real leadership for the country by establishing the ‘smart 
grid’ as national policy and as a national priority in the legislation. By articulating 
this as national policy and offering a compelling vision for the country, Congress can 
increase the pace and level of commitment to the modernization of the electricity 
grid. 

That action itself will help to focus the attention of the federal and State agencies 
and the utility industry and others in the private sector. By making the smart grid 
a national priority, Congress will be sending a clear message that this moderniza- 
tion is critically important in all sectors and in all regions of the country, and that 
deployment should be undertaken rapidly. 

2. Authorize increased funding for R&D and demonstrations 

To carry through with the priority of the smart grid, the legislation should include 
significantly increased development funding. In particular, it should contain author- 
ization for significant additional appropriations over the next five years for pro- 
grams managed by DOE, working in partnership with the private sector. 

The Administration has taken some steps in this direction in its earlier budgets, 
but this demands even stronger, more targeted action by the Congress. Support is 
needed in two areas. One is more extensive R&D in the relevant technologies, need- 
ed to provide all the components of the smart grid. The other area is to support an 
aggressive program of technology demonstration and early deployment projects with 
the states and the industry, to prove out these components, and to refine the sys- 
tems engineering which integrates all these technologies in real-world settings. 

EPRI estimates that this research and demonstration program will require in- 
creased federal funding for R&D on the scale of approximately $1 billion, spread out 
over five years, with the private sector contributing a significant amount of match- 
ing funding. These R&D and demonstration funds represent an investment that will 
stimulate deployment expenditures in the range of $100 billion from the owners and 
operators of the smart grid, spread out over a decade. 

3. Recognize a public I private institutional role for R&D 

It is vitally important that the legislation recognize that this R&D and dem- 
onstration program should be carried out in partnership with the private sector. The 
government can sponsor excellent technical research. However, it is the industry 
that will ultimately be responsible for building, maintaining and operating the elec- 
tricity system to keep the lights on and the computers humming. And as we’ve just 
seen, there is little tolerance for error — it has to work all the time — so this is more 
than a research program, it is an engineering and operations program on which the 
country will rely. 

4. Develop an approach for long-term funding of deployment 

A national approach is needed to fund the full-scale deployment of the smart grid 
throughout the country. The scale of deploying the technology, and doing the de- 
tailed systems engineering to make it work as a seamless network, will require sig- 
nificant levels of investment, estimated at $100 billion over a decade. 

These implementation costs for the smart grid will be an investment in the infra- 
structure of the economy. This investment will pay back quickly in terms of reduced 
costs of power disturbances and increased rates of economic growth. 
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Nevertheless, this is a substantial challenge for an industry that is already under 
financial strain, and is lacking investment incentives for the grid. It’s a challenge, 
too, because this investment must be new and additional to what the industry and 
its customers are already providing to keep the current systems operating. A busi- 
ness-as-usual approach will not be sufficient. 

We need a national financing approach or mechanism that will be effective, fair, 
and equitable to all parts of society. This will require agreement among the indus- 
try, state regulatory commissions, customers and other stakeholders as to how that 
should be carried out. 

The answer to this will undoubtedly take extended discussions with the various 
stakeholder groups. Rather than rush to judgment on one or another specific ap- 
proach, we urge that Congress include language in the energy bill to direct the Ad- 
ministration to develop an appropriate recommendation. The Administration should 
work with the industry, the states, customers, and other to develop its recommenda- 
tion and report back to Congress at a specific time, no later than one year after en- 
actment. 

Conclusion 

As noted earlier, the cost of developing and deploying the smart grid for the coun- 
try should be thought of as an investment in the future — in a secure, reliable, and 
entrepreneurial future — that will pay back handsomely over many decades to come 
as the energy backbone of the 21st century. 

Thank you, Madam Chair. I welcome any questions you may have. 

Biography for T. J. Glauthier 

T.J. Glauthier is President and Chief Executive Officer of the Electricity Innova- 
tion Institute (E2I), which sponsors strategic R&D programs through public/private 
partnerships. He has managed the start-up of this new organization, which began 
full operation in January of 2002. As CEO, he is ultimately responsible for all oper- 
ations and performance of E2I, including overseeing the activities of the other offi- 
cers, reporting to the Board of Directors, and coordinating with EPRI and its other 
affiliated organizations. In addition, he takes an active role in the strategic direction 
of key programs, such as the CEIDS program to develop the new technologies need- 
ed to transform the transmission and distribution electricity infrastructure into a 
self-healing, ‘smart grid’ to increase security, reliability and flexibility. 

Prior to joining the Institute, Mr. Glauthier was the Deputy Secretary and Chief 
Operating Officer of the U.S. Department of Energy from 1999 to 2001. In that ca- 
pacity, he directed the day-to-day management and policy development of the De- 
partment’s over 120,000 federal and contractor employees and $18 billion annual 
budget. In his COO role, Mr. Glauthier had broad oversight across all four of the 
Department’s major lines of business: Defense, Science, Energy, and Environment. 
He was also responsible for the corporate offices, such as policy, International Af- 
fairs, the CFO, procurement, and personnel. Mr. Glauthier also testified before Con- 
gress, coordinated with the White House and other agencies, and represented the 
Department and the President in national and international forums. 

Before coming to the Energy Department, from 1993 to 1998, Mr. Glauthier 
served for five years in the Office of Management and Budget as the Associate Di- 
rector for Natural Resources, Energy and Science. In that capacity, he and his staff 
of 70 served as the key link between the Executive Office of the President and agen- 
cies such as the Departments of Agriculture, Energy, and Interior, the EPA, NASA, 
NSF, the Army Corps of Engineers, and a number of smaller or independent agen- 
cies, such as the Smithsonian Institution, the Kennedy Center, and TVA, together 
accounting for over $60 billion in annual discretionary appropriations and over 
350,000 federal and contract employees. 

Earlier, Mr. Glauthier spent over twenty years in management consulting. For 
most of that time, he was with Temple, Barker & Sloane, Inc., where he began as 
a specialist on corporate and financial planning for Fortune 500 companies, and 
later became the Vice President in charge of the firm’s Public Policy and Manage- 
ment Group. 

Immediately prior to joining the Clinton Administration, Mr. Glauthier spent 
three years as Director of Energy and Climate Change at the World Wildlife Fund, 
where he dealt with technology transfer, the climate change treaty, and the 1992 
Earth Summit in Rio de Janeiro. 

Mr. Glauthier is a graduate of Claremont Men’s College and the Harvard Busi- 
ness School. 

Chairwoman BlGGERT. Thank you very much. 
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And now, Dr. Smith. Would you turn on your microphone, so that 
the green light is lit? 

STATEMENT OF DR. VERNON L. SMITH, NOBEL LAUREATE, 
PROFESSOR AT GEORGE MASON UNIVERSITY 

Dr. Smith. Thank you, Madame Chair. It is a pleasure for me to 
be here and to have the opportunity to make, perhaps, a small con- 
tribution to a very large problem. 

To me, the basic problem is not at the transmission level; it is 
in the — it is between the substation and the end-use consumer. 
That is the area in the entire electric power system, which has 
been a — is still — basically is locked in 1930’s technology, and there 
is no incentive there to innovate. And I — to me, and that gives us 
an extremely inflexible demand side system. 

And it is — for example, it is very vulnerable. You couldn’t — I 
can’t imagine designing a more vulnerable electric power system to 
terrorist attack. You are from Chicago. Suppose terrorists take out 
half of the supply of energy to Chicago. Utilities have no option but 
to shed — but to turn off half of the substations. It is much better 
to turn off the lowest half priority of power, not everything below 
a substation. If — and it is fundamentally an incentive problem, an 
incentive to innovate prices and an incentive to develop the kinds 
of technologies that both fit consumer preferences and enable the 
energy suppliers to profit from providing those services. 

I want to show a slide. 
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And I — let me apologize for the old technology here, but it is — 
this is a — this slide shows the variation in just the marginal cost 
of energy in the Midwest. This is a period in the ’80’s in a hot Au- 
gust week. It is the hourly variation and the cost of just the energy 
component of people’s bills. At the time, the energy component of 
people’s bills would have been a flat, roughly three cents a kilo- 
watt. And you will notice that actual costs are peaking as high as 
8i cents and as low as li cents. That is the kind of variability you 
have when the system is strained. And it — whether it is strained 
enough to take out transmission lines still, it happens very, very 
commonly. Notice here what that means is that the peak users are 
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imposing costs on the system that are far larger than the price 
they are paying. In effect, the utility is subsidizing peak consump- 
tion. It is sending signals — a signal that says dry your clothes at 
3 p.m. in the afternoon, okay. And off-peak, the — basically the 
users are being taxed, because they are paying a price much above 
the marginal cost of producing the energy. 

If I could have the second slide, please. 
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I want to show you the effect of laboratory experiments com- 
paring — this is a — these are two-sided spot markets made by 
human subjects who profit from — the wholesale buyers are prof- 
iting by trying to buy power low and reselling it to customers. Gen- 
erator owners are attempting to profit by selling power above their 
cost of generation. It is a two-sided market. And what we are com- 
paring is the effect of demand side bidding where you can interrupt 
16 percent of the peak demand, that is about 20 or 24 percent, I 
have forgotten, of the shoulder demand. And the red here shows 
the tremendous increases in prices when it is just a one-sided mar- 
ket without the opportunity for the wholesale buyers to strategi- 
cally bid into that market and interrupt a portion of their demand 
and an attempt to keep prices down. Blue shows four different ex- 
periments where wholesale buyers are actively bidding in their own 
interests, and you will notice that those prices are far lower. Also, 
they spike a whole lot less. The energy spiking on peak is coming 
from generators bidding into a market with a completely inflexible 
demand. And all over the world, you see those spikes. 

Now what is to be done? Well, my view is that you need to open 
up that portion of the grid below the substation level for innovation 
and competition. That means people attempting to make money by 
introducing technologies that are saving to give customers a break 
on their peak charges, and also, of course, there are possibilities for 
distributed generation to be installed closer to the customer and to 
bypass the entire grid and get below the substation level. And I 
think the — that means allowing alternative energy suppliers to 
come in and sell energy to the customers of the local wires com- 
pany. That means the inference have to get access to the wires in 
order to install the technologies that their customers prefer. The 
local wires company is not well motivated to let people in there. 
Madame Chairman, you, perhaps, remember when you bought a 
new telephone for your home, you had to buy it from the American 
Telephone and Telegraph Company. You were not allowed to buy 
a telephone separately and install it in your house. And further- 
more, Ma Bell, at the time, gave you a choice. When things really 
opened up, you got your choice between black, white, and red. All 
right. All of that has changed. 

The other thing that you couldn’t do under the government-sanc- 
tioned monopoly of AT&T is let anyone in your house, any repair- 
man in your house to fiddle with the telephone wires. That person 
had to come in an AT&T truck. All of that has changed. Arguments 
were made at the time. We can not let people in there to fiddle 
with the wires, because it is the integrity and security of the bid 
we are worrying about. Not any — I mean, you know, that is real 
complicated that red, green, and yellow wire in there, and it has 
to be handled by AT&T. That is the situation we face in the local 
distribution utilities. And I think until that is opened up, we are 
going to continue to have problems. 

Thank you. 

[The prepared statement of Dr. Smith follows:] 

Prepared Statement of Vernon L. Smith 
Testimony will address the following four questions: 
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1) Briefly describe the market structure for the electricity sector as it existed 
15 years ago and contrast it with the structure today. 

2) What barriers currently prevent wider adoption of commercially available 
energy technologies? What policy choices would be most conducive to greater 
adoption of these technologies? 

3) How is uncertainly affecting the economics of investment in the electricity 
sector? How can we structure a market to ensure reliable electricity at the 
lowest cost? 

4) What are the incentives for utilities to invest in transmission research and 
development? How can we encourage investment in research and develop- 
ment in a highly competitive electricity sector? 

Responses: 

Ql: The market structure at the retail level, which is where the system is rigid 
and unresponsive, has not changed in 15 years. Essentially from the neighborhood 
substation to the end use customer, we are talking about 1930’s technology. Two 
slides: 

Slide 1; Variability of wholesale energy cost during a hot August week in the Mid- 
west (1980s), showing the effect of a fixed energy retail price: Customers pay less 
than the cost of their energy consumed on peak, and the loss to the utility is therefore 
a subsidy that encourages consumption; customers pay more than the cost of their 
energy off peak, and are therefore taxed to discourage consumption. 

Slide 2; Effect of profit-motivated human subjects who bid their demand in to the 
spot market along with supply-side bids by generation firms who have market 
power on the shoulder demand periods. Sixteen percent of peak (20 percent of shoul- 
der) demand is interruptible. Market power is neutralized by the wholesale demand 
side buyers ; price spikes all but disappear; and prices are much lower, more nearly 
reflecting the dynamic changes in wholesale costs. 

Q2: The barriers are the continuation of 85 years of regulation of the local dis- 
tribution franchised monopoly preventing free entry by alternative suppliers of EN- 
ERGY. Regulation protects the right of the local distributor to tie the sale of energy 
into the rental of the wires. 

It’s like legally franchising the right of the rental car companies to require their 
customers to buy all their gasoline from the rental car company’s own supplies. But 
of course the technologies required are very different in electricity. 

Two suggested policies: 

1. Permit free entry by qualified energy suppliers; over time phase out energy 
sales by the local wires companies. 

2. Allow entrants access to the wires between the end user outlet, and the sub- 
station to install technologies that fit consumer preferences, and allow inter- 
ruption of peak time energy deliveries when its cost is more than individual 
customers want to pay. Similarly, entrants can compete to provide customers 
off peak discounts. 

Q3: At the retail level no one knows what menu of dynamic pricing contracts and 
corresponding technologies will fit individual consumer circumstances, and emerge 
as profitable for retail energy suppliers. Moreover, no one knows what new lower 
cost technologies will emerge once there is an incentive for firms to innovate be- 
tween the substation and the end use consumer. This is normal market investment 
uncertainty. The structure needed to deal with that uncertainty is indicated in the 
two policies recommended in Q2. 

Q4: The first order of business is not at the transmission level. Transmission is 
strained and stressed by inflexible peak consumption tending to exceed energy sup- 
plies. Transmission capacity is entirely determined by peak requirements, but at the 
consumption level there is neither the technology nor the competitive incentive to 
implement a dynamic price responsive demand that limits peak consumption, and 
reduces peak transmission requirements. More expensive transmission capacity 
could easily do more harm than good by casting in concrete the downstream rigid 
retail incentive demand structure. 

The retail energy supply sector is not now close to being highly competitive. When 
it is, the supplying firms will have all the incentive they need to innovate and profit 
thereby. 
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Demand, Not Supply 


Wall Street Journal 

By Vernon L. Smith and Lynne Kiesling 

Immediately following the failure of the electrical network from Ohio to the 
Northeast Coast, a cascade of rhetoric swept across news networks, blaming the 
blackout on an antiquated grid with inadequate capacity to carry growing demand 
for electrical energy. As in the California energy debacle, we are hearing the famil- 
iar call on government to “do something.” 

The California government response — doing something — left the state with a stag- 
gering and unnecessary level of debt. Meanwhile, without any additional action by 
the state, the demand and energy supplies in California have returned to their nor- 
mal and much less stressful levels and wholesale prices are back to normal. There 
is no news except good news, but have we gained any deep understanding of power 
system vulnerability and its efficient cure from this event? 

Before Congress and the administration begins to follow the California model and 
throw other people’s money at the power industry, let’s have some sober and less 
frantic talk. 

A systematic rethinking of the power demand and supply system — not just trans- 
missions lines — is required to bring the energy industry into the contemporary age. 
Eighty-five years of regulatory efforts have focused exclusively on supply — leaving 
on dusty shelves proposals to empower consumer demand, to help stabilize electric 
systems while creating a more flexible economic environment. 

Under these regulations, a pricing system has developed that is so badly struc- 
tured at the critical retail level that if it were replicated throughout the economy, 
we would all be as poor as the proverbial church mouse. Retail customers pay aver- 
aged rates, making their demand unresponsive to changes in supply cost. Without 
dynamic retail pricing, no one can determine whether, when, where or how to invest 
in energy infrastructure. Impulsive proposals to incentivize transmission invest- 
ment, without retail demand response, puts the cart before the horse and risks ex- 
pensive and unnecessary investment decisions, costly to reverse. 

At the end-use customer level, the demand for energy is almost completely unre- 
sponsive to the hourly, daily and seasonal variation in the cost of getting energy 
from its source — over transmission lines, through the substations and to the outlet 
plugs. The capacity of every component of that system is determined by the peak 
demand it must meet. Yet that system has been saddled with a pure fantasy regu- 
latory requirement that every link in that system at all times be adequate to meet 
all demand. Moreover, the industry has been regulated by average return criteria, 
and average pricing. 

When the inevitable occurs, as in California, and unresponsive demand exceeds 
supply, demand must be cut off. Your local utility sheds load by switching off entire 
substations — darkening entire regions — because the utility has no way to prioritize 
and price the more valuable uses of power below that relic of 1930s electronic tech- 
nology. This is why people get stuck in elevators and high-value uses of power are 
shut off along with all the lowest priority uses of energy. It’s the meat-ax approach 
to interrupting power flows. Between the substation and the end-use consumer ap- 
pliance is a business and technology no-mans-land ripe for innovation. 

When a transmission line is stressed to capacity, and its congestion cost spikes 
upward, the market is signaling the need for increased capacity in any of three com- 
ponents of the delivery system: increased investment in technologies for achieving 
price responsive demand at end use appliances; increased generation nearer to the 
consumer on the delivery end of the line; or increased investment in transmission 
capacity. 

What is inadequately discussed, let alone motivated, is the first option — demand 
response. 

Many technologies are available that provide a dual benefit — empowering con- 
sumers to control both energy costs and usage while also stabilizing the national 
energy system. The simplest and cheapest is a signal controlled switch installed on 
an electrical appliance, such as an air conditioner, coupled with a contract that pays 
the customer for the right to cut off the appliance for specified limited periods dur- 
ing peak consumption times of the day. Another relatively inexpensive option is to 
install a second, watt-hour meter that measures nighttime consumption, when en- 
ergy usage is low, coupled with a day rate and a cheaper night rate. More costly 
is a time-of-use meter that measures consumption in intervals over all hours of the 
day, and the price is varied with delivery cost throughout the day. Finally, a load 
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management system unit can be installed in your house or business that programs 
appliances on or off depending on price, according to consumer preferences. 

More important, better and cheaper technologies will be invented once retail en- 
ergy is subject to free entry and exit. No one knows what combination of technology, 
cost and consumer preferences will be selected. And that is why the process must 
be exposed to the trial-and-error experiment called free entry, exit and pricing. As 
in other industries, investors will risk their own capital — not your tax dollars or a 
charge on your utility bill — for investments that fail. Also, as in other industries 
with dynamically changing product demand, competition will force prices to be 
slashed off-peak, and increased on-peak to better utilize capacity. 

Together with demand response technologies, a simple regulatory fix can give new 
entrants the incentive to provide customers with attractive retail demand options. 
Local regulated distribution utilities have always had the legally and jealously pro- 
tected right to tie in the rental of the wires with the sale of the energy delivered 
over those wires. But these are distinctly separable activities. Just as rental car 
companies are separate from gas stations, electricity can be purchased separately 
from the company that delivers it to you — provided only that they can access the 
wires to install metering, monitoring and switching devices that fit the budget/pref- 
erences of individual consumers. 

Remember when Ma Bell would not let you buy any telephone but hers, and 
would not let you admit any licensed electrician into your house to access the tele- 
phone wires except those arriving in her service truck? All that has changed for the 
better in telecommunications, but we are still stuck in a noncompetitive world in 
the local utility industry. 


❖ * * 


Against the backdrop of the wars in Iraq and Afghanistan, the East Coast black- 
out stimulated deja vu speculation of Sept. 11 and fears of shadowy operatives bent 
on disaster. Since 2002, the Critical Infrastructure Protection Project at George 
Mason University has worked under a Department of Commerce grant to integrate 
the study of law, technology, policy and economics relating to the vulnerability of 
key U.S. infrastructure. Prime among this continuing research is investigation of 
the susceptibility of the national power grid. 

As it turns out, terrorist speculation, though false, did not fall far from the truth. 
If you were to design an electrical system maximizing vulnerability to attack, it is 
hard to imagine a better design than what has evolved in response to regulation. 
If a terrorist attack took out half the energy supply to Chicago, the only viable re- 
sponse would be to shut down half the substations. Demand response would allow 
a prioritization of energy use, shutting down only the lowest priority of power con- 
sumption while supplying high value uses — such as production facilities, computer 
networks, ports, airports and elevators. Power systems badly need the flexibility to 
selectively interrupt lowest value uses of power while continuing to serve higher 
value uses. Retail price responsiveness in a competitive environment provides such 
a priority system. 

The implementation of retail demand response in the electric power industry 
would provide a wide range of benefits including lower capital and energy costs, 
fewer critical power spikes, consumer control over electricity prices, and the environ- 
mental benefits gained by empowering consumers to use electricity more wisely. De- 
spite Milton Friedman’s admonition, by adding increased flexibility to the electricity 
grid and sparing critical infrastructure from shutdown, demand response creates a 
more efficient and resilient economic structure while providing more robust security 
as a free lunch. 

Mr. Smith, on leave at the University of Alaska Anchorage, is professor of eco- 
nomics and law at George Mason and the 2002 Nobel laureate in economics. Ms. 
Riesling is senior lecturer in economics at Northwestern and director of economic 
policy at the Reason Foundation. 

Updated August 20, 2003 
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Biography for Vernon L. Smith 

Vernon L. Smith was born in the flat plains of Wichita, Kansas during the boom 
years preceding the Great Depression, January 1, 1927. Born to politically active 
parents — and an avowedly Socialist mother who revered Eugene Debs — Vernon 
Smith’s early ideological indoctrination would prove pivotal to his attraction to the 
economic sciences. 

While earning his bachelor’s degree in electrical engineering at the California In- 
stitute of Technology in 1949 Smith took a general economics course. Intrigued, 
Smith pursued the science, receiving a Masters in Economics from the University 
of Kansas in 1952 and a Ph.D. from Harvard University in 1955. 

Dr. Smith’s initial training in the hard sciences lead him to pursue the application 
of the scientific method in his chosen profession, and social science, of economics. 
Predisposed to have the heart of a socialist, Dr. Smith expected to prove the ineffi- 
ciencies of market mechanisms when he conducted his first economic experiments 
in 1956 at Purdue University, using his students as subjects. However, Dr. Smith’s 
experiments — testing economic concepts and theories under controlled conditions — 
instead overwhelmingly demonstrated to him the clear efficiencies of markets. 
Smith found that even with very little information and a modest number of partici- 
pants, subjects converge rapidly to create a competitive equilibrium. 

Specifically, Smith’s experiments proved large numbers of perfectly informed eco- 
nomic agents were not prerequisites for market efficiency — a radical departure from 
conventional economic thought. Smith compiled his early experiments and in 1962, 
while a Visiting Professor at Stanford University, published his findings in the 
Journal of Political Economy. The article, “An Experimental Study of Market Be- 
havior,” is today considered the landmark paper on experimental economics. 

Continuing his work, again at Purdue University, Smith conducted more and 
more experiments while also becoming well known as an expert in capital theory 
formation and an early pioneer in the field of environmental economics. Widening 
the interest in academia, Smith continued to research and teach experimental meth- 
ods, as well as explore new avenues, at Brown University, University of Massachu- 
setts, University of Southern California, California Institute of Technology and the 
University of Arizona. 

Displaying an unusual breadth of academic understanding and application, Smith 
has published and co-published numerous seminal works exploring, and defining, 
experimental economics as well as other economic disciplines. His “The Principle of 
Unanimity and Voluntary Consent in Social Choice” published in the Journal of Po- 
litical Economy in 1977 initiated the systematic study of institutional design for 
public choice decisions. The 1982 “Microeconomic Systems as an Experimental 
Science” in the American Economic Review marked the still adhered to methodology 
for experimental economics. His 1982 “A Combinatorial Auction Mechanism for Air- 
port Time Slot Allocation” in the Bell Journal of Economics provided a real-world 
application of experimental economics on economic systems design. The 1988 “Bub- 
bles, Crashes and Endogenous Expectations in Experimental Spot Asset Markets” 
published in Econometrica examined stock market bubbles and rational expecta- 
tions. The 1994 “Preferences, Property Rights and Anonymity in Bargaining Games” 
in Games and Economic Behavior started the systematic study of personal ex- 
change. 

At the same time the slow but steady development in experimental economics 
begun by Smith in the 1950s and 1960s was superseded by accelerated development 
in the 1970s and 1980s. After establishing himself as the field’s pre-eminent re- 
searcher, Smith collaborated with several noted economists to refine and improve 
his subject. 

From Smith’s foundation of research, the modern experimental methods in eco- 
nomics began to gain acceptance. The research expanded to include the economic 
performance of many real-world institutions. Attempts to apply laboratory experi- 
mental methods to policy problems became systematic. The convergence properties 
of multiple markets were discovered. Conspiracy, price controls and other types of 
market interventions were examined experimentally for the first time. New forms 
of markets were studied, such as methods for deciding on programs for public broad- 
casting. All this research stems from the initial contributions of Dr. Vernon Smith. 

Current research is focused on the design and testing of markets for electric 
power, water and spectrum licenses and a new field ‘neuroeconomics’ which ana- 
lyzes the impact of brain functions on economic decision-making. As well, Dr. Smith 
and his colleagues have worked with the Australian and New Zealand governments 
on privatization issues, developed market designs for the Arizona stock exchange, 
and designed an electronic market for water in California. 



45 


Dr. Smith’s groundbreaking work has led to an explosion in the application of lab- 
oratory experimental methods. Volumes of experimental papers are being published 
each year and the number of experimental laboratories are growing rapidly around 
the world. ICES is now the preeminent facility serving as a model for experimental 
economic and laboratory development throughout the world. 

On December 10, 2002 Dr. Smith received the Bank of Sweden Prize in Economic 
Sciences in Memory of Alfred Nobel — the Nobel Prize in Economics — from His Maj- 
esty Carl XVI Gustaf for “for having established laboratory experiments as a tool 
in empirical economic analysis, especially in the study of alternative market mecha- 
nisms.” 

Chairwoman BlGGERT. Thank you very much. I certainly do re- 
member those phones. I think we had to lease them, too, and then 
finally you could purchase them. I hate to admit it, but I do re- 
member. 

Mr. Casten, if you would like to begin. 

STATEMENT OF MR. THOMAS R. CASTEN, CEO, PRIVATE 

POWER, LLC, OAK BROOK, IL; CHAIRMAN, WORLD ALLIANCE 

FOR DECENTRALIZED ENERGY 

Mr. Casten. Madame Chairwoman, Members of Congress, thank 
you for the opportunity to present my views on preventing black- 
outs while saving money and reducing pollution. 

We have the technology to greatly improve the U.S. power sys- 
tem. Building local power that recycles presently wasted energy 
will reduce system vulnerability, reduce future capital expenditures 
for power, reduce energy costs/pollution, greenhouse gas emissions, 
and significantly improve the economy. What is not to like? 

But all of the technologies that generate power locally and thus 
lower the throughput on existing wires are discouraged and, in- 
deed, stopped by many barriers. We have heard much about an in- 
dustry vision of a smart and self-healing grid. And I think those 
are welcome changes, but that view focuses on modernizing the 
grid, and it falls short on modernizing the world view that con- 
tinues to treat central generation as optimal. Pursuing this obso- 
lete central generation vision will lead to more wires we don’t need, 
will raise the cost of power to consumers, and will only modestly 
lessen system vulnerability. 

Finally, I would like to note that Isabel was the ninth area-wide 
blackout in the last seven years, which is still going on. The only 
unique thing about the blackout in question is that it was not at- 
tributed to an act of God. And so we are — we can chase some cul- 
pable individual, but in the western states, a tree branch knocked 
out 18 states six years ago and on and on. 

Now on background, responding to your questions. I have been 
attempting to change the way the world makes power for 25 years, 
believing that we can no longer afford the waste inherent in remote 
generation. The U.S. power system reached the pinnacle of its effi- 
ciency in 1959 when it converted 33 percent of the fuel that it 
burned into delivered energy. It has not increased one percentage 
point in the ensuing four decades, despite of all of the technology. 

I founded Trigen Energy Corporation, ultimately taking it public 
on the New York Stock Exchange, to correct this. The 56 power 
plants that we built used a variety of fuels: biomass, coal, oil, nat- 
ural gas, and waste fuels. They ranged from a single megawatt to 
over 200 megawatts. In total, we made more power than the single 
largest nuclear plant in the United States, all locally. Each of these 
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plants recycled the normally wasted heat. Operating in 18 states, 
including Pennsylvania, Georgia, Michigan, Tennessee, and Indi- 
ana, we achieved our mission of producing heating, cooling, and 
electricity with less than half the fossil fuel and less than half the 
pollution of conventional generation. If the system was anywhere 
near optimal, it would not be possible to achieve those kind of re- 
sults. 

After an unwelcome buyout of Trigen, I joined with others to 
form Private Power to purchase and operate projects that recycle 
energy. We recently announced agreement to acquire six projects in 
northern Indiana. They are within an hour’s drive of Hinsdale, Ma- 
dame Chairman, and I would be delighted to — and honored to have 
you and your staff visit those projects. And I think it would be use- 
ful. 

We generate 460 megawatts of power with virtually no fossil 
fuel. One of the projects recovers heat from 368 coke ovens, uses 
utility style technology to convert that into 100 megawatts of power 
and 200,000 pounds of steam. And all of that power stays right at 
the steel mill. Three of the projects burn blast furnace gas that had 
been flared and create another 300 megawatts of power. One con- 
ventional project burns gas in a gas turbine, but achieves 24 times 
the efficiency of central power, because we take all of the heat and 
use it for the cold rolling process at the steel mill. 

The projects have won several environmental awards. They sig- 
nificantly reduce greenhouse gases, and they save the four steel 
companies over $100 billion a year. Moreover, today’s concern 
about blackouts and system vulnerability, these projects ease the 
transmission loads and reduce line losses to other customers. All of 
the power stays home, is used by the steel mills, and in times of 
high system demand, these projects automatically adjust their out- 
put to support the voltage on the back end of the lines, and that 
allows the wires to carry more power with fewer losses to other 
consumers. 

We have analyzed the data that EPA keeps of flare gas, of heat 
exhausted from industrial processes and of pressure drop that is ig- 
nored by our central power system. We find that this waste energy 
in the United States, if recycled, could produce between 45,000 and 
90,000 megawatts of fossil fuel-free, pollution-free power. That is 
the equivalent of 90 nuclear plants with no environmental prob- 
lems. Another 300 gigawatts, which would be about half of the U.S. 
power demand, and all of the projected 20-year load growth could 
be generated by burning fuel locally where you could take the nor- 
mally wasted heat and recycle it to avoid putting more fuel into a 
boiler. 

In summary, local power has these benefits. It does not need 
transmission wires. It is thus cheaper to construct. It avoids the 
nine percent average line losses. It recycles waste heat inherent in 
all power generation. Or even better, it uses industrial waste heat 
to generate the power. EPA just completed a study that combined 
heat and power emits 1/20 of the pollution of the average central 
power station. We have estimated that the $390 billion U.S. heat 
and power system could slash $100 billion a year out of its costs 
by deploying local power. 
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You asked what the barriers are to local power, and I will be 
quick about them. I have summarized them later. It is illegal to 
run a private wire across the street in all 50 states. Rate commis- 
sions allow their utilities to charge for 100 percent of the wires and 
generation for backup, even though on an actual basis, it is about 
two percent. It is like charging $100 for $100 of life insurance. 
There is no locational value given in where the power is located. 
In Texas, it costs the same to move power across the street as the 
whole way across the state, discouraging the local power. There are 
all of the policy decisions, I am sad to say, including this com- 
mittee, use the wrong metric. You talk about what is the cost of 
the power at the generator. What is the capital cost of the gener- 
ator? It is an irrelevant question. What is the cost at the consumer 
after you pay for the wires? Local power doesn’t need wires. The 
environmental policy does not recognize the output and therefore 
gives no encouragement to recycling energy. 

What are the policy choices that you could follow to encourage 
local power? I think most important, use the right metric and talk 
about the real thing: what does it cost at the consumer? Secondly, 
I think Congress should remove the ban on private wires. This 
would give all local power developers a fair chance to get a reason- 
able price on using existing wires to move their power. There 
wouldn’t be any new wires built, but we would have a fair discus- 
sion. You need to demand standard interconnection rules without 
the excessive and bogus safety concerns of the red and green wires 
that Dr. Smith refers to. I think you should encourage or demand 
recycled power. I would strongly support a clean portfolio standard 
that mandates that a growing percentage of power come from recy- 
cled energy, and that will encourage local power. That is where it 
all is. And finally, I would suggest that you have the national lab- 
oratories shift their focus from new generation technology to focus- 
ing on the interconnection issues and getting deployment of the 
technologies that are already there. 

Finally, you asked what the local deployment differences are. 
The U.S. generates only six percent of its total power locally, all 
of the rest coming from remote plants. By contrast, Denmark, Fin- 
land, and the Netherlands generate over 40 percent of their power 
out of local plants, saving wires and making it cheaper. Within the 
U.S., the picture is equally diverse. Three states, South Carolina, 
South Dakota, and Kentucky, have virtually no local generation. At 
the other extreme, Hawaii produces 33 percent. California, I think, 
is about 25 percent local power. New York and Maine are in the 
high teens. The differences are in State encouragement of wider 
choices. 

The high local power states encourage local power with require- 
ments for utilities to purchase the power at full cost. They tackled 
interconnection rules. They tailored their environmental manage- 
ment to output standards and rewarded efficiency. And they have 
provided grants to break old paradigms. The states with little local 
power have laws preventing third parties from generating power on 
site and selling it. They give no locational value to power. 

In conclusion, I note that Congress faces a seemingly unpleasant 
task. The power industry begs help to build more wires. The papers 
are asking for $100 billion for improved grid and wires. They ask 
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for new eminent domain rights so that the wires can slash across 
our parks and backyard. I think this will raise prices. It will annoy 
the voters, and it will largely fail to address system vulnerability 
or to mitigate power system related problems. There is a better so- 
lution. Local generation operation options are technically right. 
They are environmentally superior. They are at least twice as effi- 
cient as the average central generation. My work in Trigen and 
now Private Power has proven the value of these systems. I think 
that if Congress lifts the many barriers, everyone will follow. 

Thank you. 

[The prepared statement of Mr. Casten follows:] 

Prepared Statement of Thomas R. Casten 

Madam Chairwoman, Congresspersons, Ladies & Gentlemen: 

My name is Tom Casten and I am the Chairman and CEO of Private Power in 
Oak Brook, Illinois. I appreciate the opportunity to present my views on preventing 
blackouts while saving money and reducing pollution. We have the technology, but 
block its use because of a now obsolete worldview. We have heard much about an 
“industry consensus vision” for a smart, self-healing grid. This view focuses on mod- 
ernizing the grid, but falls short on modernizing the worldview and leads to more 
wires we don’t need. Applying three (3) simple principals will optimize the power 
system. The principals are: 

• Build local power 

• Build smaller 

• Recycle waste energy. 

Blackouts blackouts everywhere 

On August 14th, around 2:00 PM, a 31-year-old, 650 megawatt Ohio power station 
failed. Transmission controllers struggled to route power from remote plants, over- 
loading transmission lines. At 4:06, a 1200-megawatt transmission line melted, 
starting a failure cascade. Lacking local generation, system operators could not 
maintain voltage and five nuclear plants tripped, forcing power to flow from more 
remote plants and overloaded regional lines. By 4:16 PM, the northeastern U.S. and 
Ontario, Canada lost power. 

Before the even more recent blackouts associated with Hurricane Isabelle that 
many of you have experienced, the August 14th blackout was the eighth area-wide 
loss of power in seven years. It differed from the prior seven blackouts in one re- 
spect — the cause was not seen as an act of God. Herewith the recent record: 

1996 — A falling tree branch in Idaho led to a failure cascade, blacking out 18 
states. 

1997 — An ice storm in Quebec downed transmission lines and blacked out 
much of New England. 

June 1998 — A tornado downed a Wisconsin power line leading to rolling 
brownouts east of Mississippi. 

2000 — Low water and a failed nuclear plant caused a power crisis in California 
with a month of brownouts and rolling blackouts. This nearly bank- 
rupted California. 

1999-2002 — Three separate ice storms caused large area blackouts in Okla- 
homa. 

2003 — A thirty-one year old coal plant in Ohio tripped. Lines overloaded as 
power moved from further away, voltage dropped, dramatically reducing 
the capacity of transmission lines and 50 million people lost power. 

A review of electric generation history 

For electricity’s first 100 years, the optimal way to produce and deliver power was 
with large, remote central stations feeding long wires; this formed a deep, central 
generation bias. Initially all power came from two central technologies — hydro and 
coal fired steam plants. Hydroelectric plants were inherently remote and early coal 
plants were noisy and dirty — not good neighbors. Also coal plants required skilled 
operators, making them inappropriate for smaller users. For 80 years, power from 
remote plants — linked to the user by an ever-growing set of wires — enjoyed cost ad- 



49 


vantages over local power. Nuclear power technology, commercialized in the 1960’s, 
was also seen as inherently remote by everyone but Admiral Rickover and the U.S. 
Navy. 

Everyone assumed that central generation was and would always be technically 
and economically optimal. Many laws and regulations reinforced this assumption. 
If all generation is central, then all power must flow through wires, which seemed 
to be a natural monopoly. Laws enshrined a monopoly approach, with good results. 
The country was rapidly electrified and power prices feel from $4.00/kWh in 1900 
to 5.8 cents/kWh in 1968. The electric age celebrated its 88th birthday. Technology 
was changing but local power technologies were blocked. 

The monopoly approach created an incredibly strong power industry with deeply 
vested interests in all power flowing through their wires, and once central tech- 
nologies matured, progress stopped. Between 1969 and 1984 power prices rose 65 
percent. After 1959, delivered average efficiency never improved beyond 33 percent. 
But things changed. People came to hate the ugly fifth column of transmission lines. 
We learned more about the bad side effects of burning fossil fuel and as population 
grew, electricity demand grew with it. Fossil fuel imports also grew, unbalancing 
the budget. Then 9/11 terrorist attacks focused attention on infrastructure vulner- 
ability. 

These issues must inform the discussions about preventing blackouts. Fortu- 
nately, we have the technology to simultaneously address all problems if we change 
the central generation paradigm: 

1. Build local power 

2. Build smaller 

3. Recycle waste energy. 

Distributed generation comes of age 

Technical progress has provided many local power answers. It employs proven 
central generation technologies and fuels but is located next to electric and thermal 
loads. DG power goes directly to users, bypassing transmission, and DG plants recy- 
cle normally wasted heat, saving fuel and pollution. Local generation options are 
technically ripe, environmentally superior, and at least twice as efficient as average 
central generation. In fact, much of the technical progress has occurred as a result 
of government supported research. 

But do not limit focus to sexy new technologies like micro turbines, solar photo- 
voltaic or fuel cells. There are many proven local power technologies, matched to all 
medium to large electric loads. 

Economics of scale have been reversed by the microcomputer. Small steam tur- 
bines, able to extract power from local energy waste were available in 1950 but re- 
quired operators, making most on-site generation less economic than central power. 
Today, microcomputer controls enable steam turbines to operate unattended and 
produce economic local power. 

Modern gas turbines are clean and compact, unobtrusive neighbors. Two 5MW gas 
turbines now generate power at the steam plant serving the White House, the DOE 
and the EPA, and they are more than twice as efficient as central plants because 
they recycle wasted heat. Their power needs no transmission wires. It stays home. 

The most efficient gas turbine yet built is a 50 megawatts LM6000GE, matched 
to middle sized industrial complexes or large universities. The next best turbine in 
the world is 4 megawatt solar mercury turbine, perfect for hospitals and small in- 
dustry. 

An even better local power opportunity burns no new fuel. The U.S. flares waste 
gas, vents waste process heat and fails to harness steam pressure drop that could 
support 45 to 90 gigawatts of local, fuel-free, pollution free, wire-free power — over 
10 percent of U.S. load. Only 1 to 2 gigawatts of this waste energy is currently recy- 
cled. The needed technology is available, proven, and less expensive than central 
plants and wires. 

The U.S. is out of transmission capacity and electric peak load is projected to grow 
by 43 percent over 20 years — 300 gigawatts. Line losses have grown from 5 percent 
in 1960 to 9 percent in 2002 and exceed 20 percent on peak. If we stay with the 
central generation paradigm, we must build 375 GW of large new plants to accom- 
modate peak line loses. By contrast, 300 GW of local power will meet peak load with 
no new wires and no added line loses. And, because local plants can recycle waste 
heat, we will burn only half the fuel. 

The technology is here today but it is the outmoded laws, regulations and the 
vested interests in central power that keep deployment at bay. 

As I have said, the optimal approach is to: 

1. Build local power 
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2. Build smaller 

3. Recycle waste energy. 

How can Congress find solutions? 

This Congress faces a seemingly unpleasant task. The power industry begs help 
to build more wires — $100 billion of new wires and an improved grid. They ask for 
new federal eminent domain rights to enable new wires to slash through forests and 
backyards. This will raise prices, annoy voters, and largely fail to address system 
vulnerability or to mitigate power system related problems. 

There is a better approach: 

1. Demand and use the right metric in all discussions. What is the delivered 
cost of power? Stop focusing on capital cost and the cost per kWh at the gen- 
erator — count the line costs and line losses and extra capital for peak loads. 
Recognize the locational value of power. 

2. Remove regulatory barriers to local power. Instead of new federal eminent 
domain for transmission wires, overturn the 50 state bans on private wires. 
Give distributed generation operators the right to bypass the wires monopoly 
and deliver their power across the street, just as federal laws allow private 
gas pipes. Few private pipes are built and few private wires will be built, 
but lifting bans on private wires will transform the power industry, ending 
the ability of monopolies to block local power with excessive line charges. 
Couple this right with standardized interconnection access, the right to 
backup power and an environmental regulatory framework that recognizes 
the environmental benefits of the combined production of power and heat 
(CHP). 

3. Encourage and/or demand recycled power development. Pass a clean portfolio 
standard that requires a growing percentage of power from renewables and 
recycled energy. Give manufacturers a reason to recycle waste fuel, waste 
heat and pressure drop. 

4. The work of the national laboratories has pushed the frontier of technology 
but with efforts often conducted in isolation of broader national needs. There 
is a need to assess and refute the still widespread belief that distributed gen- 
eration can not be safely integrated into the electric distribution system at 
reasonable costs. Every effort should be made to showcase and highlight the 
many existing commercial technologies that DOE and others have had a role 
in developing which can safely and cost effectively integrate DG into the 
grid. 

This is a short summary of an analysis showing that the optimal way to meet 
future electric load growth is with distributed generation — using proven technology 
DG. I have attached a more comprehensive analysis in the form of a paper entitled 
“Preventing Blackouts.” 

In closing, let me reiterate how to prevent more blackouts while saving money 
and reducing pollution: 

1. Build local power 

2. Build smaller 

3. Recycle waste energy. 

Biography for Thomas R. Casten 

Thomas R. Casten has spent over 25 years developing and operating combined 
heat and power plants as a way to save money, increase efficiency and lower emis- 
sions. A leading advocate of clean and efficient power production, Mr. Casten is the 
founding Chairman and CEO of Private Power LLC, an independent power company 
in Oak Brook, IL, which focuses on developing power plants that utilize waste heat 
and waste fuel. In 1986 he founded Trigen Energy Corporation and served as its 
President and CEO until 1999. Trigen’s mission reflects that of its founder: to 
produce electricity, heat, and cooling with one-half the fossil fuel and one-half the 
pollution of conventional generation. 

Mr. Casten has served as President of the International District Energy Associa- 
tion and has received the Norman R. Taylor Award for distinguished achievement 
and contributions to the industry. He currently serves on the board of the American 
Council for an Energy-Efficient Economy (ACEEE), the board of the Center for In- 
quiry, and the Fuel Cell Energy Board. He is the Chairman of the World Alliance 
for Decentralized Energy (WADE), an alliance of national and regional combined 
heat and power associations, wind, photovoltaic and biomass organizations and var- 
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ious foundations and government agencies seeking to mitigate climate change by in- 
creasing the fossil efficiency of heat and power generation. Tom’s book, “Turning Off 
The Heat,” published by Prometheus Press in 1998, explains how the U.S. can save 
money and pollution. 
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Preventing Blackouts 

H is ether ‘tis fs&bittr tv Spend or to Save: 
Thai is the Question 

L hnuu-i Ei. ■L'Jsl-.-n, Srjih - tril?tr H. 2003 


New York City, Early Evening, August 14, 2003 



On August 14th, around 2:00 PM, a 31-year-old, 650 megawatt Ohio power station 
failed. Transmission controllers struggled to route power from remote plants, over- 
loading transmission lines. At 4:06, a 1200-megawatt transmission line melted, 
starting a failure cascade. Lacking local generation, system operators could not 
maintain voltage and five nuclear plants tripped, forcing power to flow from more 
remote plants and overloaded regional lines. By 4:16 PM, the northeastern U.S. and 
Ontario, Canada lost power. 


This was the eighth major 
North American outage in 
seven years 


This was the eighth major North American outage in seven years, not counting 
five localized blackouts in New York City and Chicago. These area wide failures 
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began in 1996 with a blackout of 18 western states, followed by a 1997 ice storm 
in Quebec that knocked out much of New England, a 1998 tornado that crippled 
midwestern power systems, California system failure in 2000, three ice storms in 
Oklahoma and the August 2003 blackout. Pundits spread blame widely and call for 
massive investment in wires, while ignoring the fundamental flaw — excessive reli- 
ance on central generation of electricity. 

Power system problems are deeper than repeated transmission failures. Average 
U.S. generating plants are old (average age 35 years), wasteful (33 percent delivered 
efficiency) and dirty (50 times the pollution of the best new distributed generation). 
Centralized generation, besides requiring ugly, highly visible transmission lines, 
does not recycle its own byproduct heat or extract fuel-free power from industrial 
waste heat and waste energy. This leaves two starkly contrasting ways to address 
blackouts: 

• Spend billions on new wires. This will not completely eliminate blackouts and 
will exacerbate other problems. 

• Save money by encouraging distributed generation. This will greatly reduce 
system vulnerability and deliver a host of other benefits. 

Distributed generation (DG) has come of age. It employs proven central genera- 
tion technologies and fuels but is located next to electric and thermal loads. DG 
power goes directly to users, bypassing transmission, and DG plants recycle nor- 
mally wasted heat, saving fuel and pollution. Local generation options are tech- 
nically ripe, environmentally superior, and at least twice as efficient as average cen- 
tral generation. 

Unfortunately, laws and regulations block distributed generation. The industry 
and its regulators are caught in an overloaded, wire-entangled web that blocks inno- 
vation. 

The Wiring of America 

Central generation — long considered optimal — is an outgrowth of early generating 
technologies. Hydroelectric plants were inherently remote and early coal plants were 
noisy and dirty — not good neighbors. And coal plants required skilled operators, 
making them inappropriate for smaller users. For 80 years, power from remote 
plants — linked to the user by an ever-growing set of wires — enjoyed cost advantages 
over local power. 

By contrast, transportation required small engines that did not need skilled oper- 
ators. Coal was tried for automobiles (the Stanley Steamer), but soon displaced by 
oil fired piston engines. For the first six decades of the 20th century, power tech- 
nology evolved along two separate paths — coal fired steam turbines for electricity 
and oil fueled piston engines for transportation. 

Over time, engine-driven power plants became cheaper to build, but required 
more expensive fuel and were only economic for backup or remote electric genera- 
tion. Coal fired steam power remained a better value for electricity into the 1960 
period. 

Aircraft needs spurred another power generation technology, the combustion tur- 
bine. Pioneered near the end of WWII, early combustion turbines lacked efficiency 
but produced more power per pound than engines — critical to aircraft. Technology 
marched on. By the early 1980’s, combined cycle gas turbine plants had become 
more efficient than the best steam power plants. To fill the gap left by environ- 
mental pressure on coal plants, turbine manufacturers developed turbines suitable 
for stationary power generation. 
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By 1980, iucal gas turbine 
generation cost less to 
install and operate, 
required Jess net fuel and 
produced fewer net 
emission!) that the best 
possible remote gas turbine 
generation and associated 
wires 


By 1980, local gas turbine generation cost less to install and operate, required less 
net fuel and produced fewer net emissions that the best possible remote gas turbine 
generation and associated wires. Turbines are available from sub-megawatt to two 
hundred megawatt, appropriate for local loads; the plants are all automated, clean 
and quiet. Generating power locally avoids capital for transmission lines and elimi- 
nates transmission losses. Local power plants, unlike remote generation plants, can 
recycle byproduct heat, reducing net fuel use and cost. The power industry em- 
braced turbine technology, but clung to central generation, missing opportunities to 
save money and pollution with distributed gas turbine generation. 

Many other trends of the past thirty years also make distributed generation at- 
tractive. Turbine and piston engine power plant electric efficiency continues to in- 
crease. Transmission system losses of remotely generated power have increased 
from 5 percent to 9 percent, due to congestion. Computer controls enable unattended 
local generation based on waste gas and waste fuel. The most efficient generation 
technology ever invented, back pressure steam turbines, were historically limited by 
operator needs. With computer controls, these devices can economically extract 
power from waste heat, waste fuel, and steam pressure drop in virtually every large 
commercial and industrial facility. The U.S. currently vents or flares heat, low-grade 
byproduct fuel and steam pressure drop that could support 45 to 90 gigawatts of 
back pressure turbine generation capacity — 6 to 13 percent of current U.S. peak 
load. 1 

Even coal-fired local power now beats the costs of power delivered from remote 
coal plants. Advances in fluid bed boilers enable on-site production of heat and 
power with coal, biomass and other solid fuels in environmentally friendly plants. 
The limestone beds chemically bond with sulfur as calcium sulfate and limit com- 
bustion temperatures, reducing NOx formation. These clean coal plants, located 
near users, recycle heat to achieve 2.5 times the efficiency of remote coal plants. 

Given all of these advances, an optimal power system would generate most power 
near load, using existing wires to shuttle excess power. Because electricity flows to 
the nearest connected users, regardless of the sales contract, locally generated 
power bypasses transmission lines. 

Which brings us back to those long protected, overburdened, vulnerable, and fail- 
ing wires that connect remote central plants to customers. Although the power in- 
dustry finds itself waist deep in the big muddy, it clings to central generation. Every 
stakeholder pays. Power prices shot up by 65 percent from 1968 to 84, needless envi- 
ronmental damage continues, many major industry players have declared bank- 


1 Thomas R. Casten and Martin J. Collins, Recycled Energy: An Untapped Resource, April 19, 
2002 . 
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ruptcy or are close, banks are saddled with billions of non-performing loans to new 
central plants and blackouts have become a way of life. 

Regulations and Industry Responses 

Competition cleanses, discarding firms that cling to yesterday’s technology. But 
the electric industry has long been sheltered from competition. The electric indus- 
try’s guiding signals have, since 1900, come from regulation rather than from mar- 
kets. All “deregulation” to date has left intact universal bans on private electric 
wires and many rules that penalize local power generation and protect the incum- 
bent firms from cleansing competition. History sheds light on how and why utilities 
and regulators have enshrined central generation and largely continued to oppose 
local power generation. 


Electricity is arguably 
the greatest invention 
of aU time. 


Electricity, commercialized in 1880, is arguably the greatest invention of all time. 
But early developers faced a big problem, finding money for wires to transport elec- 
tricity to users who didn’t think they needed it. To manage the risk, developers 
asked city councils for five-year exclusive franchises. 

Thousands of small electric companies sprang up; by 1900, there were 130 in Chi- 
cago alone. Greedy alderman sold votes to extend franchises. Samuel Insull con- 
ceived of (and got) an Illinois state granted monopoly in perpetuity. State monopo- 
lies spread. 

States established regulatory commissions to approve capital investments and set 
rates that assured utilities fair returns on capital. Under rate-based regulation, in- 
vestments in efficiency improvements increase the rate base, but all savings go to 
customers. This approach does not allow utilities to profit from increasing efficiency. 
This misalignment of interests eventually caused industry stagnation, but in the 
early years, utilities chased efficiency to compete with candles, oil lamps, muscle 
power and self-generation. 

Banks cheerfully loaned money to monopoly-protected utilities fueling a race to 
grow and acquire other systems. Power entrepreneurs borrowed huge sums to gain 
control over vast areas of the country. In 1929, the bubble burst; demand for elec- 
tricity sagged, and over leveraged trusts could not pay debt service. Utility bank- 
ruptcies deepened the Great Depression. Congress’s response — the Public Utility 
Holding Company Act (PUHCA) — prevented utility amalgamation and assigned fed- 
eral watchdogs to oversee finances. PUHCA blocked profit growth via acquisition or 
financial engineering. Profit-seeking utilities had two options: (1) sell more power 
and (2) invest more capital in the rate base. 

Both strategies favored central generation over local power. Utilities sponsored re- 
search in electric appliances, motors and other novel uses of electricity that in- 
creased sales and provided significant public benefits. But they also fought local 
generation with every available means. 

Electric distribution companies have an understandable bias against generation 
that bypasses their wires and cuts potential profits. Utility monopolies long made 
it “Job One” to preserve the monopoly. The electric industry sponsored “Ready Kilo- 
watt” campaigns to win industry love and skillfully coached (and paid) governments 
at every level to block distributed generation. 

For eight decades, central generation was the optimal technology. The regulatory 
approach delivered nationwide electrification and real prices fell by 98 percent. Elec- 
trification not only improved standard of living, but also played a strong role in posi- 
tive social change. 

Then, beginning in the late 1960’s problems arose. Central generation ceased to 
be optimal, but the industry ignored local power innovations. Which brings us back 
to stakeholder costs. 
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The Good Times End 

By 1960, as competition withered away, utilities began pursuing questionable 
strategies. With no way to recycle byproduct heat, fuel efficiency never moved be- 
yond 33 percent. Utilities and their regulators rushed to convert many coal-fired 
power plants to oil, just in time for the OPEC embargo in 1973. Many utilities com- 
mitted to build massive central plants that required up to ten years to construct, 
far beyond safe planning horizons. When rising prices induced conservation, electric 
load growth flattened and left the industry with massive overcapacity. 

Then came nuclear. The utility industry committed vast sums, underestimating 
complexity and safety concerns. Some nukes were built near budget, but others 
broke the bank. Cost overruns of 300 percent to 500 percent were common. Long 
Island Lighting spent 19 years and $5 billion building Shoreham, only to have New 
York Governor Cuomo close the plant before it generated any power. 

Figure 1 shows the rising real prices of U.S. electricity after 1968. 2 From 1970 
to 1984, real electric prices rose 65 percent. 

Regulatory responses nearly got it right, flirting with local generation. The 1978 
Public Utility Regulatory Policy Act or PURPA sought to improve efficiency by ex- 
empting plants that recycled some heat from Federal Power Act regulations and re- 
quired utilities to buy power from these plants at avoided costs. Utilities fought 
PURPA to the Supreme Court, losing in 1984. But subsequent changes removed the 
pressure to build plants near users, and nascent DG was again driven back. 

Next came Three Mile Island. State commissions, fed up with nuclear cost over- 
runs and rising prices, overturned the tacit regulatory compact. They challenged the 
prudence of utility investments in nuclear plants, claiming mismanagement. Histori- 
cally friendly regulators ordered CEOs to remove billions of dollars from rate base 
and reduce electric prices. Utility shareholders took a bath. 


rifin i 

Real US Electric Prices (1996 5Ts) 



The two changes did stop electric price inflation; prices dropped to 1969 levels by 
2000. But utility managements went into shock. They curtailed in-system invest- 
ments, but still needed to put massive cash flow to work. Smarting from inde- 
pendent power producers’ (IPPs) “poaching” of their generation under PURPA, many 
utilities funded unregulated subsidiaries to “poach” generation in other territories. 
Never questioning the central generation mantra, utility subsidiaries began a disas- 
trous race to build remote gas turbine plants, ignoring this strategy’s vulnerability 
to rising gas prices. In thirteen months following May, 2001, the eleven largest mer- 
chant power plant builders destroyed over $200 billion of market capitalization. 
ENRON, NRG, and PSE&G and Mirant have since declared bankruptcy while, 
Dynegy, CMS and Mission struggle to pay creditors. Industry players that embraced 
gas-fired remote merchant plant development have seen their credit ratings lowered 


2 Prices given in 1996 dollars as reported at www.eia.doe.gov 
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to junk status. These mistakes have already cost a dozen utility CEOs their jobs, 
pounded utility shareholders and caused enormous bank losses. 

Major transmission failures did not start immediately. Spare transmission capac- 
ity, built in the days of compliant regulation, absorbed load growth until 1996, when 
a falling tree set off an 18 state blackout throughout the west. By then, load growth 
had made the non-growing T&D system vulnerable to extreme weather (ice storms, 
tornadoes, hurricanes and drought induced hydro electric shortages), human error, 
and terrorists. 

As costs and environmental concerns mounted, States began to experiment with 
partial deregulation, but never eased protection of wires, leaving utilities free to 
continue fighting DG by charging excessive backup rates and denying access to cus- 
tomers. Commissions allowed generators to sell to retail customers, but then set 
postage stamp transmission rates, charging the same to move power across the 
street or across Texas. DG power, which only moves across the street, was left to 
pay identical transmission rates to power moving hundreds of miles through expen- 
sive transmission wires. Wholesale power prices give little recognition to the loca- 
tional value of generation. 

Environmental regulations also suppress distributed generation. The 1976 Clean 
Air Act and subsequent amendments penalize efficiency. Almost all emission per- 
mits are granted based on fuel input, with no relationship to useful energy output. 
All new generation plants are required to install “best available control technology,” 
while existing plants retain ’grandfather” rights to emit at historic levels. These 
grandfather rights give economic immortality to old central stations and block inno- 
vation, and thus bear some responsibility for system failures. 


The costs to ail 
stakeholders from the 
central generation 
worldview extend to other 
societal problems. 


The costs to all stakeholders from the central generation world view extend to 
other societal problems. The balance of payments suffers from needless fuel imports. 
The U.S. demands for fossil fuel begat military adventures. Inefficient generation 
raises power costs, hurts industrial competitiveness and makes electric generation 
the major source of greenhouse gas emissions, threatening entire ecosystems. 

An Exception Disproves the Rule 

NIPSCO encouraged local power at the steel mills they serve in northern Indiana. 
Parent NiSource formed an unregulated subsidiary in 1994 that invested over $300 
million in 460 megawatts of distributed power. Primary Energy built five projects 
that recycle waste heat and normally flared blast furnace gas. All of the power is 
consumed at the steel mills, easing transmission congestion and supporting local 
voltage. 

The steel mills collectively save over $100 million per year by producing power 
with waste energy. These distributed generation projects produce no incremental 
emissions and displace the emissions of a medium sized coal fired station, 24/7. 
They are the environmental equivalent of roughly 2,500 megawatts of new solar col- 
lectors, which would only operate 20 percent of the time, on average. 

These projects have not hurt NIPSCO, on balance. Yes, the utility sells less elec- 
tricity to the mills, but steel production has risen, requiring more shifts and pump- 
ing up the local economy, increasing other electric sales. There is no reason why 
similar projects cannot be built to the benefit of all stakeholders in every other elec- 
tric territory. 
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Whether ’tis Nobler to Spend or to Save; That is the Question 

There are two distinct paths to avoid blackouts. Spend $50 to $100 billion on new 
and upgraded transmission lines or save money by removing barriers to distributed 
generation. 

The first path will raise electric rates by 10 to 15 percent and will exacerbate 
other problems. The second path will cost taxpayers nothing and mitigate other 
problems. 

To follow the second path, governments must: 

• Allow anyone to sell backup power 

• Enact standard and fair interconnect rules 

• Void laws that ban third parties from selling power to their hosts. 

• Give every power plant identical emission allowances per unit of useful en- 
ergy. 

• Recognize the locational value of generation. 

• Most importantly, allow private wires to be built across public streets. 

These changes will transform the $390 billion U.S. heat and power business into 
a dynamic marketplace of competing technologies and allow distributed generation’s 
competitive advantages to prevail. Utilities and IPPs will build new DG capacity to 
serve expected electric load growth and reduce transmission congestion. 


Ending central generation 
bias will upset vested 
interests and require a 
threat deal of political 
effort, but the rewards for 
this leadership will be 
immense 


Ending central generation bias will upset vested interests and require a great 
deal of political effort, but the rewards for this leadership will be immense — lower 
power prices, reduced pollution, reduced greenhouse gas emissions, and a vastly less 
vulnerable national power system. 

Thomas R. Casten has spent 25 years developing decentralized heat and power 
as founding President and CEO of Trigen Energy Corporation and its predecessors 
and currently as founding Chairman and CEO of Private Power LLC, an Illinois 
based firm specializing in recycling energy. Tom currently serves are Chairman of 
the World Alliance for Decentralized Energy (WADE), an alliance of national and 
regional combined heat and power associations, wind, photovoltaic and biomass or- 
ganizations and various foundations and government agencies seeking to mitigate 
climate change by increasing the fossil efficiency of heat and power generation. 

Tom’s book, “Turning Off the Heat,” published by Prometheus Press in 1998, ex- 
plains how the U.S. can save money and pollution. 

The author can be reached at: Private Power LLC, 2000 York Rd., Suite 129, Oak 
Brook, IL 60523; Phone: 630-371-0505; Fax: 630-371-0673; E-mail: 
tcasten@privatepower.net 
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Discussion 

Chairwoman Biggert. Thank you very much. 

At this point, we will open our first round of questions. And the 
Chair recognizes herself for five minutes. 

Mr. Glotfelty, your office is charged with improving the reliability 
of the electric system. And Dr. Smith has argued that the best way 
to encourage innovation and investment is to have a fully competi- 
tive market. Is there a conflict between innovation and reliability 
and between competition and reliability? And are you concerned 
that as we move toward a completely competitive market that 
there will be increased pressure to push the system beyond its lim- 
its? And then Mr. Casten suggests that there should be a — it 
would — it should be local and we should use waste energy. Has — 
is your committee looking — or commission looking into this, also? 

Mr. Glotfelty. To address Dr. Smith’s concern, we absolutely 
agree that demand response is a critical component to ensuring fu- 
ture reliability as is distributed resources. They are one of the com- 
ponents in a wide array of choices that we have to implement. I 
don’t believe either one of them are the silver bullet to ensuring 
greater reliability or a greater and more efficient transmission sys- 
tem or electrical system, generally speaking, but they are two of 
the most critical components as we move forward that have to be 
addressed. 

The problem, from our standpoint, is both of those issues are 
State issues. They deal with retail customers. At the federal level, 
we deal at the wholesale level. So there has been a conflict for 
many years that the Congress has grappled with when considering 
energy legislation as to do you violate the States’ rights that deal 
with the retail customer and say demand response is a federal 
issue and therefore we promulgate these rules. And the same thing 
with distributed resources. It is a conflict that I think is apparent 
in the energy bill that is being considered today, but it can be re- 
solved. And it should be resolved, because both provide a valuable 
component for a more efficient and reliable transmission system. 

Chairwoman Biggert. As far as the recycling of waste energy, is 
this a possibility? 

Mr. Glotfelty. Absolutely. Combined heat and power, in this 
Administration, going as far back as the President’s National En- 
ergy Policy, we have said time and time again that we are believers 
in that. Combined heat and power is very efficient. It is good for 
the environment. In my past life, I worked for a company that 
owned about 20 co-generation plants. They are very good for the 
environment, and they are very good for the system. Again, you get 
into the — and those were large plants. But as you get into smaller 
combined heat and power plants, the majority of the rules that are 
prohibiting their application into the system are at the State level. 
They are not at the federal level. I think this — FERC has tried to 
implement standard interconnection agreements, and they do affect 
large generation that is tied into the transmission system, not 
that — at the distribution level that is under State regulation. 

Chairwoman Biggert. Thank you. 

Mr. Casten, you talked about some of the — where your com- 
pany — at the steel mills, et cetera, but could you just kind of de- 
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scribe the products or services and then what benefits do your 
products — projects offer to both your company and to your cus- 
tomers? 

Mr. Casten. Every steel mill puts coke and iron ore in a big 
blast furnace and makes iron out of it. It emits a very dirty, low- 
energy gas. EPA requires that gas to be flared to clean up some 
of the pollutants in it. Three of our projects put in a special boiler, 
burn that gas, cleaning up the pollution, and then just recycle the 
energy and turn it into electricity and steam, all of which goes to 
the steel mill, cuts down their purchase of outside power and cuts 
down their pollution, et cetera. There are comparable projects with 
most chemical factories, refineries, other places with the same type 
of thing. So they benefit from lower prices, the grid benefits from 
less demand on the system. 

Chairwoman BlGGERT. Is this something like methane gas from 
landfills or anything that could be used? 

Mr. Casten. Methane gas from landfills is a great example of re- 
cycling. It can use some other technologies, because it is about half 
as energy intensive as natural gas. The stuff we are burning is 
eight percent of the energy of natural gas, so there are a variety 
of technologies to get the different waste heat, but yes, many 
things can be done. 

Chairwoman BlGGERT. Thank you. 

My time is up, so I will recognize Mr. Lampson for five minutes. 

Mr. Lampson. Thank you. Madame Chair. 

Let me start by asking Mr. Glotfelty and Mr. Glauthier a com- 
ment on Mr. Casten’s testimony. What are your feelings and maybe 
concerns? It doesn’t matter whoever wants to start. 

Mr. Glotfelty. I believe he is on target. I mean, he — again, he 
has addressed one of the issues that needs to be addressed in order 
for us to get a more efficient and reliable system. It — I think from 
my standpoint, if we got, even in our wildest dream, 20 or 30 per- 
cent integration of distributed resources in our system, in a decade, 
that would still mean that 700,000 megawatts would still have to 
travel over our transmission system. So we can’t neglect the trans- 
mission and distribution system and put all of our eggs in the dis- 
tributed resources basket, because it will not supply all of our 
needs in real time. But it is a critical component that can help us 
over the next decade achieve a more reliable and efficient system. 

Mr. Glauthier. And I agree with that. I think we need to go 
even further than Mr. Casten did. We really need to think about 
distributed energy resources that include photovoltaics and other 
renewables, ultimately fuel cells in widespread use. The system 
that will support that needs to be modernized. The distribution sys- 
tem, as well as the transmission system, needs to be upgraded to 
a point where it can incorporate that kind of equipment and sup- 
port it effectively. We need to be able to make that kind of distrib- 
uted energy, literally point and play. So you know, as you bring 
home a new printer for your computer, you plug it in, and the sys- 
tem recognizes that and initializes and it can incorporate that. 
Today, that is not the case for electricity. Every new application is 
a custom connection. We need to make that sort of technology im- 
provement. And that is part of the modernization that we are sup- 
porting that I think the Department of Energy can lead and the 
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Congress can help to provide the kind of direction and support for 
it that we think is important. 

Mr. Lampson. Mr. Glauthier, you have seen the New York Times 
article from Tuesday this week regarding reactive power? 

Mr. Glauthier. Yes, I have. 

Mr. Lampson. Can you tell me a little bit about reactive power 
first? And then has EPRI done a study relative to reactive power 
and the August 14 blackout? 

Mr. Glauthier. EPRI has conducted some analysis of working 
with First Energy and with the data there and has submitted that 
to the Department of Energy to the — for the use of the task force, 
that is the international task force. And we expect that that will 
be some of the information that they will be able to put together 
to come up with a final answer on what had happened. 

The reactive power itself is something I can give you a brief ex- 
planation, but I am not an electrical engineer. And I do have with 
me, as I mentioned earlier, Dr. Sobajic from EPRI, who could give 
you more in detail if you would like to have that. 

Mr. Lampson. Just a simple, if you can. 

Mr. Glauthier. Reactive power is necessary to be able to allow 
the regular power to flow through the lines. And there has to be 
enough of this balance, if you will, to allow the whole system to op- 
erate. So if you have plants that are operating and just providing 
their power into the system and not reactive power, they — those 
have to draw reactive power from somewhere else. It is a necessary 
balance in the system. And that is something that utilities in the 
past were, I think, more able to provide because the whole systems 
were integrated. As we restructure the system and we have inde- 
pendent entities performing the different functions, that becomes 
more complicated. It requires more coordination and more coordi- 
nated management. 

Mr. Lampson. We may explore that more in time. Is it possible 
that this committee can have a copy of that study? Could you get 
it to us? 

Mr. Glauthier. At this point, we would be willing to submit it 
to you, but it is really a restricted report, because we are trying 
to provide it to the task force for its use, and we envision making 
it public later on as part of the data that, I think, everyone will 
have access to eventually. So we would ask that you would respect 
that, if you would, and on that kind of a basis, we would be willing 
to do that. 

Mr. Lampson. Okay. We would like that when it is possible. 

Let me — my time is running very short now, and this is sort of 
an open-ended question that I have, and I want everyone to re- 
spond to. Perhaps we can start it and then on the second time 
around, we will continue what I am doing. But I thought it would 
be interesting to hear your comments, all of you, about the top 
three technologies that are already developed and need to be de- 
ployed in order to increase the reliability and efficiency of the bulk 
power transmission system and perhaps the top three technologies 
that need to be developed for further — to further increase the effi- 
ciency and reliability. 
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And the red light came on, so that is my question. When we come 
back around the second time around, that is what I would like for 
you to begin with. 

Chairwoman Biggert. Thank you, Mr. Lampson. 

The Chair recognizes Dr. Ehlers for five minutes. 

Mr. Ehlers. Thank you, Madame Chair. 

I — first of all, I just want to commend Mr. Casten for what he 
is doing. This is something that is badly needed, and we really 
have to expand it across the country. This is something we have 
known about for years and just never get behind it and push it, be- 
cause everyone likes to think of grand projects rather than small 
projects. I was not aware of any discrimination by the State public 
utility commissions on this. I thought they were all adapting to it. 
If that is a problem, that is something we can try to address. 

Mr. Glauthier, I really appreciate your comments about a smart 
grid. Something that really has irritated me since the blackout is 
the repetitive theme I heard initially on the news media that the 
grid is so complicated, no one can really understand it. And that 
is one of the most absurd statements I have heard, because there 
are far more complicated systems that we deal with in this world 
than the grid. And clearly, we know how to do it. We can under- 
stand it. And we have to do what you said, build a smart grid that 
incorporates our knowledge of today into a system that is a little 
bit, perhaps, archaic. 

Having said that, I do want to pursue the reactive power, since 
you said you brought an engineer around. And I don’t know how 
many of you are engineers. But I would like to hear the expla- 
nation. Is it just caused by the phase difference between the — or 
is this something different? 

Mr. Glauthier. With your permission, I would be happy to intro- 
duce Dr. Sobajic. Would you 

Mr. Ehlers. Okay. 

Dr. Sobajic. Well, I will try to do this simply, although — I am 
Dan Sobajic. I am working for EPRI. I am Director of Grid Reli- 
ability and Power Markets. And this is a subject that has been 
brought up in many occasions like this one, you know. And some- 
times we engineers, you know, have a difficulty explaining. We go 
through analogies to make people understand it. 

Mr. Ehlers. Well, we have two physicists here, myself and a 
staff member — no, three now. 

Dr. Sobajic. Well, you are 

Chairwoman Biggert. This is beyond some of our pay grade, 
however. 

Mr. Ehlers. So you can get technical for us, and 

Dr. Sobajic. Well, let me put it this way. T.J. just mentioned 
that if you deal with the ultimate in current, as we are dealing 
mostly in our grid, the power that flows is not active or reactive. 
There is just the plain power. And this is what you have down the 
lines. And power is the contract. It is what mathematically be- 
comes the product of the voltage and current and if you like to go 
deeper in the electricity. However, these systems, when analyzed, 
and this is what we have to do in order to understand them very 
well, leads to some representations that involve complex numbers, 
if you like mathematics. Okay. And these numbers have a so-called 
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real and imaginary part. Now you, perhaps, remember that. This 
is what we call active power or the part that is the real part or 
it is active. And the other one is so-called reactive. Okay. It doesn’t 
mean that it is imaginary. Again, this is what mathematicians like 
to call it. But this is — these are the components of that phe- 
nomenon. And then you can go further on and analyze what are 
the effects of these two components when you break it up. And you 
can see that both of them are needed. You know. Active power, as 
we all know, does the work, and reactive power is very important 
to allow active power to do the work. So it is — it leads to an anal- 
ogy that someone said it is about a car. You know, you need the 
gas to drive it, but you need the oil in order to be able to start the 
car and move. It is not quite there, but this is sort of coming to 
what it is. 

So basically to put it, the bottom line is that you need to respect 
the need for the active power in order to be — to have an efficient 
functioning system. And I think I should stop there, because the 
rest goes into the market rules and why don’t we have it and so 
on and so forth. 

Mr. Ehlers. My question is are power companies deliberately ig- 
noring this in order to push more real power out and therefore con- 
nect — collect more money without taking care of the complex vari- 
ables involved? Say hey, there is a limit to what you can do here. 

Dr. Sobajic. I think what one can see is that the way how the 
market system has been set up, it is clearly promoting delivery of 
the active power. The reactive power is, as we call it, an auxiliary 
service, which is already — which is the word auxiliary. It means, 
you know, something, perhaps, outside or — that is definitely need- 
ed, but 

Mr. Ehlers. But does a power generator make more money by 
ignoring the ancillary? 

Dr. Sobajic. Well, I think the auxiliary services are also recog- 
nized in the market model and provided for. Whether there is a 
balance in how these services are both recognized in terms of the 
market rules, that is a different question, but clearly there is a fi- 
nancial incentive whether to do the active or not. Thank you. 

Mr. Ehlers. Okay. That is what I was trying to get, whether it 
is a physical problem or a financial problem. 

Dr. Sobajic. No, it is not a physical problem. 

Mr. Ehlers. Okay. Yeah. 

Dr. Sobajic. I think systems are quite capable of 

Mr. Ehlers. Okay. So it is a financial issue and therefore it 
should be subject to regulation? 

Dr. Sobajic. Possibly. 

Mr. Ehlers. All right. All right. If Mr. Smith wants 

Dr. Smith. Sir, may I speak just briefly to this point? Think of 
reactive power as being associated with voltage and frequency con- 
trol. If you don’t provide it at the end of a long line, a long trans- 
mission line, it very much limits the capacity of real power that 
you can get through that line. It is possible, entirely possible that 
if — that someone might gain by limiting the transmission through- 
put by providing inadequate reactive power to compensate for the 
absorption in that long line. But this is — I think it is — why it is im- 
portant ultimately that reactive power as well as real power be 
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priced out node by node, and I think we — and I think that tech- 
nology is going to allow us to do that in real time. And we are mov- 
ing in that direction. I have worked with the Australians, and they 
are right now particularly — very much interested in pricing — devel- 
oping pricing systems for reactive power in the grid. 

Mr. Ehlers. And I might just observe there was a similar prob- 
lem years and years ago when two electrical plants first inter- 
connected, because they would play games having a phase lag and 
trying to gain financial advantage that way. 

Dr. Smith. Yes. Yes. That is entirely possible. That is the reason 
why you want to pay people for producing reactive power. 

Mr. Ehlers. Thank you very much. 

Chairwoman Biggert. Thank you, Dr. Ehlers. 

The gentleman from California, Mr. Honda. 

Mr. Honda. Thank you. Madame Chair. 

I find this discussion pretty interesting and for a novice, I think 
some of the lines are becoming pretty clear. What I hear folks say- 
ing is that there is a distinction in terms of policy arenas that one 
is federal and other state. And so it sounds like that there could 
be some artificial barriers just because of that. And what I hear 
other folks say is that if you are thinking about the consumer, and 
it seems to me if you look backwards in terms of policy making, 
then it would be — creates a different paradigm of the areas of re- 
sponsibility. And it seems like if we go from the consumer back- 
wards to create a policy for energy, it might make more sense than 
solving some of the problems in terms of barriers. Because what I 
have learned about our problems is that the grid and the trans- 
mission and the generation of electricity and the consumption is 
not state. It is regional. And so, you know, it seems like there are 
some archaic paradigms that we are forced to work under. 

I guess my question is are there different ways of looking at pol- 
icy development rather than separation of federal and State and 
looking at the consumer and developing policies that way. And I 
think I agree that we have to have a smart grid, you know, for us 
to have at this period of generation of energy so that the consumer 
ultimately ends up being the winner. What would be your com- 
ments to the observation I am trying to make and trying to under- 
stand, wrap my arms around? 

Mr. Casten. May I answer? 

The policy all stems from the fact that the paradigm is that all 
power flows through their wires. They are a natural monopoly. We 
have to protect the monopoly, and so we have set up a very power- 
ful set of vested interests to make sure that all power ever used 
will flow through those wires. And the regulators see it as their job 
to protect that. As a consequence, we don’t look at it from the con- 
sumer point of view and say what would we do in an optimal situa- 
tion without this. The example just discussed is classic. In all of 
the power plants we have ever built, we have often been required 
to support the voltage at the back end, to change our power factor 
to help out the grid. We have never been paid for it. It is a value 
that you need, that the consumer needs, but the system doesn’t 
want distributed generation. And consequently, we don’t do the 
right things. We really have to fundamentally go back to saying no 
more monopoly on wires, and then it will start to unfold itself. 
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Mr. Honda. Thank you. 

Dr. Smith. Let me say that I think here is the problem. Every 
customer is charged for this cost for the wires and all of these cap- 
ital investments. It is determined by peak demand, not average de- 
mand. A customer who is served by energy sources closer to him, 
which is what Mr. Casten is talking about, shouldn’t have to pay 
the full price for the capital costs. He is not using it, or he is only 
using it for backup or something like that. And he should have sub- 
stantial savings from that. And until you have that kind of a sys- 
tem, you are not going to have the ordinary innovations that occur 
in response to the people’s attempt to profit by doing things better. 
You just simply don’t have maximum opportunity for that develop- 
ment to occur. So when you compare the electric power industry 
with industries that — telecommunications and computers and ev- 
erything, you see an industry which is not nearly as flexible and 
not as prone to innovate. And we are talking about innovating in 
the interests of the customer: saving him money and giving him 
better service. 

Mr. Glauthier. I think your observations are very interesting in 
that there are many states and Federal Government are trying to 
find ways to spur this kind of innovation and flexibility for cus- 
tomers. Many of the states are going through restructuring or try- 
ing to find ways to do that that allows the innovation but also pro- 
tects the customers. This is one area where the commodity we are 
dealing with is an essential requirement for everyone. Electricity 
underpins our whole way of life, so it is not an optional item but 
rather one that they need to be sure there is an adequate protec- 
tion. And there also are generally going to be connections into the 
grid. We are not talking about applications where people are going 
to generally go off the grid and be totally independent, so you need 
these things to be interconnected and to be integrated. 

I think what we need is also the technology development that 
will support this. Right now, the communications system and the 
power system are not integrated, so in order to do the real time 
pricing that Dr. Smith talked about or to provide the real dogmatic 
load management systems, you need communication to the cus- 
tomer site, so the customer systems recognize when there is a peak 
in the demand and they ought to scale back their own use or at 
what points they really change their generation and perhaps gen- 
erate power into the grid. But I think these two go together; the 
regulatory questions and the technology development are both im- 
portant. 

Mr. Glotfelty. Very quickly, I would agree with most every- 
thing that was said but go back to the jurisdictional issue, which 
I think is the biggest problem. The interaction with the retail con- 
sumer is governed by the state, which means we have 50 different 
State rules on how we get distributed resources or demand side 
management or control technologies onto the grid to allow more 
consumer interaction. And that is a tough issue to crack, consid- 
ering that retail consumption of electricity is not an interstate com- 
merce, as is the wholesale market. It is something that I think 
Congress is trying to address. But in the meantime, the Depart- 
ment of Energy, as well as many associations and groups, have 
been working with the states to try and get model interconnect 
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agreements and model policies that can be adopted at the State 
level to increase the deployment of these technologies. However, it 
is not as quick as it could be. But it is a challenge, and it is moving 
down the road. 

Mr. Honda. Thank you, Madame Chairman. Just a real quick 
comment. I think if the consumers got more educated, there would 
be some changes. 

Chairwoman BlGGERT. Thank you, Mr. Honda. 

We do have a vote coming up, but we have got time for another 
round of questioning from Dr. Gingrey. 

Dr. Gingrey. Thank you. Madame Chairman. I will make this 
brief, because I know we do have to go vote. 

Excuse me. Mr. Glotfelty, the National Grid Study, which led to 
the creation of your office, called for the elimination of trans- 
mission bottlenecks, can demand response technologies and distrib- 
uted generation technologies help eliminate the bottlenecks and the 
grid congestion generally? And if so, how would we best encourage 
these technologies? 

Mr. Glotfelty. The answer is a resounding yes. There are mod- 
els out there for demand side management that today decrease bot- 
tlenecks. A great example of that is in southwestern Connecticut. 
They have had a very hard time building additional transmission 
lines. With the implement of a market in the Northeast, prices this 
past summer were going very high. A new demand side manage- 
ment program that the Department helped support but was sup- 
ported by the utilities as well as the state, allowed a tremendous 
demand response, which reduces — reduced prices for not only the 
consumer but for the whole region. There is a great example, and 
it is a great model that can be replicated across the country. 

For distributed resources, I think there are a lot of models from 
the — in the Southeast to California. Other states have good models 
for putting additional distributed resources on the grid. I think, 
again, we go back to this State issue. Each State is different and 
each region is different, so the model is going to have to fit each 
region. 

Dr. Gingrey. And let me ask both you and Mr. Glauthier. Some 
have suggested that much of our transmission and distributive con- 
gestion could be relieved by simply replacing the basic 1950’s era 
grid technologies, such as the wires, the transformers, and the me- 
chanical switches with today’s state-of-the-art technology. For ex- 
ample, we have heard of wires, and I think you mentioned this ear- 
lier, that carry three to five times more power or digital switches 
that improve the capacity of the grid. How much would this help 
compared with the technologies you have proposed and that others 
have mentioned? And how would its costs compare with some of 
these alternatives that we have already discussed this morning? 

Mr. Glauthier. Thank you. 

I think those are very important, and I think they are all part 
of the overall solution, that there is not any one solution that will 
take care of this. The transmission lines, or conductors as you 
talked about, are under testing by the Department of Energy and 
by EPRI and others. And there are at least five or six different 
manufacturers of that. So there is the opportunity for some com- 
petition among those. And they are quite cost-effective, if they 
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prove out. Right now they are in the testing phase to be able to 
be certified for use in commercial applications. So our hope is that 
those will be ready soon, perhaps in the next year or 2 years that 
those can begin to be used. 

Other digital controls also can be installed, but in some cases, 
the cost needs to come down. There are the FACTS devices, the 
Flexible AC Transmission Systems I described. There are only nine 
or ten of those installed in the country right now because they cost 
several million dollars a piece, in some cases $10 million or more. 
But those are solid State controls that can actually direct the 
power flow and can eliminate loop flow problems and other difficul- 
ties. That is the kind of thing. We need to spur the development 
of a family of those controls that can be scaleable down to smaller 
sizes and be cheaper and be installed in numerous locations 
throughout the whole grid. 

Dr. GlNGREY. Thank you. And thank you, Madame Chairman. 
That concludes my questioning. 

Chairwoman BlGGERT. Thank you, Dr. Gingrey. As you heard 
from the buzzers, and if you heard the beepers that — we do have 
a vote on the Flouse Floor, so we will — it is just one vote, so it 
should not take us too long. So we will stand in recess to the call 
of the Chair. 

[Recess.] 

Chairwoman BlGGERT. If we could resume, the witnesses will 
then take their seats. All right. We will call the Committee to order 
again. As long as some of our Members have not returned, I think 
that we could give five minutes to Mr. Lampson on the question 
that he asked earlier. 

Mr. Lampson. Thank you very much. I might as well start. 

I had already posed the question to you, and so if each of you 
would talk about the technologies that exist and we need to imple- 
ment and those that we might need to try to develop over time. 
Right. From the left to the right. All right. 

Mr. Glotfelty. From our perspective, I think the technologies 
that are here today that just need to be deployed onto the grid are: 
higher capacity transmission lines; wide area measurement sys- 
tems, which measure the state of the grid, voltage, all sorts of com- 
ponents of the grid in a wide area, we have it in the West, we do 
not have it in the East; and training for our operators to use this 
new technology that is coming. It is critical that they have an un- 
derstanding of how new power electronics and new technologies can 
help them make the system more reliable. 

I think in the future it is high temperature superconductivity 
and the wide variety of technologies that come from that, whether 
they be cables, fault current limiters, or other technologies that 
really have no losses. It is storage and it is power electronics. Stor- 
age has the ability to help peak shave. It has the ability to help 
provide backup for entities that — like batteries. There are new 
technologies coming down the road that can help entities be more 
efficient as well as firm up their reliability for their industrial proc- 
esses. And power electronics, of course, is something that we are 
working on with EPRI as well as the industry on how we make 
sure that the grid is controllable, how we can isolate problems 
without them becoming widespread where we can really ensure 
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that the grid is reliable in the future. It is a few years off, but we 
are working on it today. 

Mr. Glauthier. Thank you. 

I add to that list a couple of things that are here now. The State 
estimators is a software term that — systems that can calculate 
within seconds, the PJM system about every 30 seconds calculates 
the state of the system from all of the data coming in exactly what 
is happening. The State estimators are not being widely used in 
most of the systems around the country. The systems need more 
sophisticated work so that the operators will really feel that their 
information coming out of them is reliable. That is an area that is 
here. It can be done now. It is — needs to be improved so that opera- 
tors have the best information possible as they are running the sys- 
tem. 

Along with that is wide area data to the operators so they can 
see what is happening in neighboring control regions. They have 
the data on their own control region but they have no idea exactly 
what is going on in the areas around them. It is very helpful, and 
it is possible with today’s technologies. In fact, it has been dem- 
onstrated in some applications that DOE has done and that we 
have done how to do this and how to make that data available on 
a real time basis. 

Mr. Lampson. Are either of those extremely expensive to imple- 
ment? 

Mr. Glauthier. No, they are not. They are 

Mr. Lampson. Well, why aren’t we already talking about doing 
it then? Why 

Mr. Glauthier. Part of it has to do with access to the data. It 
is providing data to your neighbors, you know, your own oper- 
ations. There is some extra software development and some costs 
involved, so it just hasn’t been high on the list, but it is something 
that I think we need to make a greater priority. And now that out- 
age in August will perhaps give more visibility to that sort of thing. 
It has just not been viewed as one of the top priorities. 

I would echo what Mr. Glotfelty said about the transmissions 
lines, the new conductors that will be able to carry a greater 
amount of throughput so you could re-conductor some existing 
transmission corridors and get more power through those without 
having to build or permit new transmission corridors and the like. 

On the existing technologies, I would also say real time sensors. 
We have sensors in all sorts of applications now in other sectors. 
We are a wireless society and becoming a wireless society, but the 
electricity sector is not — has not caught up. The electricity sector 
is not as widely computerized and is not using the real time infor- 
mation that it could. Mr. Glotfelty mentioned the wide area mon- 
itors or sensors in the West. We ought to have them throughout 
the whole system and it — and all sorts of equipment. Ultimately, 
every piece of equipment is going to be sending in information 
about how I am doing and what is happening. 

In terms of new technologies, the power electronics area is really 
important. I mentioned the FACTS systems earlier that can actu- 
ally control the power flowing through an area of connection. And 
right now, the wires are just a set of dumb wires. The wires are 
out there, and you put power into one place and it will flow 
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through the system. But we need real controllers out there. And we 
can do that, but they are expensive. We need to develop a more 
cost-effective set of those, a scaleable set that will be able to be 
used widely throughout the system. 

Just two other quick things. The technology to get the distrib- 
uted energy resources, the kinds of things that Mr. Casten has 
talked about and in addition solar powered and many other kinds 
of renewable power, to be able to be plug and play. That is actually 
something that can be done. We are working on it with the manu- 
facturers and vendors. The Department of Energy is working on it. 
It is not something that is going to take a long time, but it has to 
be done in a way that provides the standardized protocol, the 
standardized methods so that these can be widely used. 

Mr. Lampson. Madame Chair do you want to let — just let them — 
we still don’t have anyone else to — or do you have a question that 
you want to go on a different direction on and we will come back 
to the last two on? 

Chairwoman Biggert. No. 

Mr. Lampson. Okay. Then 

Chairwoman Biggert. Proceed, Dr. Smith. 

Dr. Smith. I think the problem is to have — try to get in place in- 
centives that enable people to put their own money up, incur the 
cost of investing in some of these new technologies and getting the 
benefit from it. Now what is hard, of course, is that those benefits 
are widely distributed in the system. And the problem — and the 
grid. And the problem is to figure out how those savings can — the 
individual who incurs the investment can, because of the savings 
he is enabling the system to enjoy, to capture revenues in response 
to his — to the investment costs that he incurs. 

Now I would ask — would like to ask Mr. Glauthier if he sees — 
if he is at all hopeful that the control system could enable you to 
also compute benefits and savings and come up with a way of pric- 
ing this so that the individual who invests in it can benefit. 

Mr. Glauthier. I think the answer is yes, if I may. 

Mr. Lampson. Please. Go ahead. 

Mr. Glauthier. Really having the access to the data and having 
a set of information coming in through — from throughout the sys- 
tem on a real time basis does give you the power then to construct 
different kinds of pricing systems, to administer them, to make the 
whole system a richer and more robust way of managing. 

Dr. Smith. That is all I have. 

Mr. Lampson. Okay. Mr. Casten, do you want to tell me about 
those technologies? 

Mr. Casten. Thank you. 

The three most important, hands down, the microprocessor. Old 
power plants required six to eight attendants per shift. And when 
you double up all of that labor, you just can’t make a small power 
plant economic. The microprocessor lets us operate any kind of 
technology unattended. And it just takes the scale out of — one of 
its advantages. Another advantage is that we do connect up in real 
time to all of our customers’ meters. And once we have got a cus- 
tomer, we do what we say the — what Dr. Smith says the grid ought 
to do. We are monitoring and actually causing them to drop their 
peak loads to make better use. That is one. 
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Number two is the advances in gas turbine efficiency. When I en- 
tered this business 25 years ago, the best gas turbine was 22 per- 
cent efficient, and the best thermal plant was about 33 percent effi- 
cient. Today, the best thermal plant is still 33 delivered. The best 
gas turbine is about 42. You can combine the cycle and get it up 
to 55. The best news is that if you take the two most efficient gas 
turbines in the world today, one of them made by Solar is four 
megawatts, about the load on the Hinsdale Hospital. So there is no 
reason why you can’t put these things out. In fact, it makes no 
sense to burn gas anywhere but locally, thanks to that and the 
third technology. 

The pollution control is astonishing what has happened at the 
source. The best turbine available 25 years ago was about 200 
parts per million of NO x , which is roughly comparable to what you 
get out of a big thermal plant. The best ones today are two parts 
per million. So we formed this whole paradigm that the power 
plants had to be located a long ways away, because they had to be 
located a long ways away. They were ugly and dirty and needed 
a lot of people. Today, they are inconspicuous. There could be one 
in the basement of this building, and you would never know it. 

With respect to the second part of your question, what technology 
is needed, I can offer only two. One I wholly support Dr. Smith’s 
idea of getting to the point where there is a signal on the wire tell- 
ing every consumer the marginal cost of power at that moment so 
that smart appliances could pick it up and decide whether to wash 
my dishes right now or wait until three in the morning. The other 
thing I think the Committee could look at is some work on tech- 
nologies that we cover energy from lower quality heat. That is a 
field that hasn’t been investigated very much. There are some 
promising ways to use even lower temperature heat and convert it 
to electricity, and that needs some science, some fundamental 
science. 

Thank you. 

Mr. Lampson. Thank you all very much, and I yield back. 

Chairwoman BlGGERT. Thank you. Then I will continue with the 
questioning. 

Mr. Glauthier, many have said, and I think that you agree, that 
we have under-invested in the grid. And I wonder if you have some 
indicators of this under-investment. But I also want to go a little 
bit further than that, because we are talking about a grid, and we 
have heard a lot — most of you had mentioned at some time we run 
into State laws and that — and another factor has been that because 
of the deregulation that this has had a — has been a factor in the 
blackouts that we have incurred. So is there — do we have a choice 
of whether we are going to really improve the grid? Should we have 
a national policy so that we can, you know, avoid the State laws 
and, for example, then Mr. Casten would be, perhaps able to cross 
the street with his — with private lines? It seems like we have got 
an awful lot of factors here with the regulation that is causing part 
of the problem. And maybe start with you, Mr. Glauthier. 

Mr. Glauthier. Yes. Thank you. 

Investment has been lagging in the grid, the distribution and 
transmission parts of the system, and especially the transmission 
part, for the last decade. Part of it is due to the confusion that 



71 


there has been about what the regulatory structure and the owner- 
ship responsibilities will be for the transmission system. There are 
changes that the Federal Energy Regulatory Commission has pro- 
posed, changes that individual states have put forward. And many 
cases, the owners and potential investors in the grid just need the 
rules clarified. They could 

Chairwoman Biggert. And I believe that that is also in the Na- 
tional Energy Bill that we have right now that is in conference. 

Mr. Glauthier. It is. And it is part of the energy proposals by 
this Administration and the previous Administration to try to make 
those decisions. So that will help. And there is, I think, a question 
about the returns. There is a lot of discussion about what rate of 
return is sufficient to bring about that kind of investment. The 
question really needs to be focused on what is the realized rate of 
return. It is one thing to have an allowed rate of return, but if, be- 
cause of rate freezes or because of other delays or other things, 
they are — companies are not able to realize the returns that are al- 
lowed, that is an issue. So I would suggest that people need to look 
at the reality of what returns actually will come. 

Chairwoman Biggert. Okay. Do you have any figures on that 
that you would 

Mr. Glauthier. Well, the investment right now in the trans- 
mission system and the grid is about $3 billion a year. And the es- 
timates that the Electric Institute has used is that they think it 
ought to go up to about $5 billion a year to — really to maintain the 
current system. And our feeling, as I said earlier, is that we think 
the investment needs to be about $10 billion a year in order to 
modernize the system so that you are not just fixing the current 
system but you are also moving ahead to really add the comput- 
erization, the sensors, the real time controls that are needed to 
make this system operate in both the reliable and secure fashions 
we described and to enable the kinds of applications that will really 
make it possible to use it so that customers can control their loads 
better and you can get more distributed energy and other things 
connected. 

Chairwoman Biggert. Well, given the cost of transmission im- 
provements then tenths of a cent per kilo-hour and the benefits to 
customers that you describe, which are orders of magnitude higher? 
Should the rate payers bear this cost? 

Mr. Glauthier. Rate payers probably will, and it is not a huge 
cost. The total of all electricity revenues right now in the country 
is about $250 billion a year. So if you add $10 billion a year to that, 
that is a four percent increase. But the key is that this needs to 
be an incremental investment. The utilities already are spending 
the money to try to keep their current systems running and to keep 
the lights on for everybody. They are operating under regulatory 
controls at the states where people are trying to keep the cus- 
tomers — give the customers the lowest rates possible. Everyone 
needs to realize that this is an investment in the future and it will 
provide a lot of benefits. 

As Dr. Smith said earlier, the benefits are widely dispersed, and 
so it is harder to identify exactly who gets those benefits. But there 
are real benefits there. Our estimate is that the cost of power dis- 
turbances right now is about $100 billion a year, year in and year 
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out. And that is not the cost of the August outage. That is just the 
regular disturbances, not always blackouts, but often the fluctua- 
tions that are enough to make a chip producer go off line or to 
make a pharmaceutical batch that has been going for 10 days un- 
usable, things of that sort. 

Chairwoman BlGGERT. And would special financing be required? 

Mr. Glauthier. What our recommendation is that the Depart- 
ment of Energy be instructed to look into this and work with the 
customers. Work with the State regulatory commissions, work with 
the industry and other stakeholders, and come back in a year with 
the recommendation. We think that there may be mechanisms that 
would provide incentives for this investment or other ways, per- 
haps working with the National Association of Regulatory Utility 
Commissioners to have the states, as a group, embrace some ap- 
proach to going ahead. Ultimately, the customers probably pay all 
of this cost, but if there is a concerted effort to do it and a commit- 
ment to really move ahead and invest something in the system, 
that is what is going to make it happen. A business-as-usual ap- 
proach is probably going to take a long time and just, you know, 
be very, very slow. 

Chairwoman Biggert. Would anybody else like to speak either 
to the under-investment or to the national policy or — Mr. Casten? 

Mr. Casten. The slight problem with the investment is that the 
industry knows how vulnerable it is to continuing the present 
model. And if the industry doesn’t know, the banks do. And so 
there is a growing reluctance to put a lot more money into wires, 
which are probably obsolete before you ever build them. 

And my second comment is that I don’t know how any of this 
mess gets straightened out until Congress asserts that electricity 
is, indeed, interstate commerce, because you have heard that all 
day. And it is just really a problem with all of the states asserting 
jurisdiction. 

Chairwoman Biggert. Anyone else? 

Dr. Smith. 

Dr. Smith. I think the real problem is not so much under-invest- 
ment but the direction of investment. You see, we have these tech- 
nologies that can improve the grid and make it more efficient. We 
also have technologies that completely bypass the grid that Mr. 
Casten was talking about. And I have a question I want to raise. 
Suppose that I own a high-rise apartment, in particular this is for 
Mr. Casten, but for anyone else. Suppose I own a high-rise apart- 
ment house, and I want to buy one of those four-megawatt units 
to supply my own power needs, and any excess capacity, I want to 
dispatch it out to tbe rest of the world through the local substation. 
What are the barriers to my doing that? Can I do that? 

Chairwoman Biggert. Physically or legally? 

Mr. Casten. Can I answer that? 

Chairwoman Biggert. Sure. 

Mr. Casten. First of all, the commission is going to say that it 
is okay to charge you for 100 percent of all of the facilities to back 
you up, because you might go down at the time of the absolute sys- 
tem peak. So you are going to pay for all of the wires anyway, and 
this is going to mean you probably don’t want to do it. If they 
charge maybe four percent, you would cover it. 
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Secondly, the power from that generation excess is going to flow 
to the nearest user. It does by the laws of physics. But you will be 
given a discounted amount for the extra power, based on what the 
wholesale market is from big plants minus a discount because it is 
too small to mess with. You will get no locational value for the fact 
that your little operation is actually going to strengthen the local 
grid. You will get no value for the fact that this is going to help 
the big utility avoid the cost of putting another buried trans- 
mission — or distribution line in the street. So the commissions will 
look at the costs only, not look at the benefits. And the net result 
of all of that is that you will probably decide just to stay where you 
are. 

Dr. Smith. Thank you. 

Chairwoman Biggert. Thank you. 

And if I might, I have one more question, and this is switching 
gears a little bit, but as we proceed with our energy bill conference, 
which I am a conferee and Mr. Lampson is a conferee, we will be 
looking at authorization levels and which will be higher, but — for 
these R&D programs. And in addition, in the electricity provision, 
we are attempting to push the regulatory reforms that really 
have — we have discussed here today. Which of these, in your view, 
is of greater importance, the R&D or regulating reform? So I think 
we will start with Mr. Glotfelty. 

Mr. Glotfelty. I think they are equally important. The R&D 
must continue, whether it is done at the basic level with the gov- 
ernment and universities or the more applied level with industry, 
to make sure that those technologies actually get deployed in the 
grid. But they won’t be deployed into the grid unless we have the 
regulatory reform. The cost that we are talking about of upgrading 
the grid, if they cost $100 billion, may very well be offset by the 
reduction in energy costs. If your bill is $100: $10 is transmission, 
$10 is distribution, and $80 is energy, if we increase the trans- 
mission component or even the distribution component as well to 
allow these other technologies and you decrease — and that incre- 
mental increase can very well be more than offset by a decrease in 
energy costs. Distributed resources, demand response reduce costs 
for everybody, not just the single user. 

So I think they go hand in hand, and they both must be ad- 
dressed as we move forward to make this system more reliable. 

Chairwoman Biggert. Thank you. 

Mr. Glauthier. 

Mr. Glauthier. I would note that the regulatory issues you are 
dealing with are, of course, at the federal level. And as we said ear- 
lier, many of the issues that bear on the applications that we are 
talking about are at the State level. So there may be a lot that can 
be done through means of working with the states and not nec- 
essarily all through your legislation. 

The organizations I represent are R&D organizations, so let me 
speak to that part of your question and that is we do think that 
increased authorization levels are appropriate here. And the levels 
that are in the House-passed bill last year for the R&D and elec- 
tricity area, we would increase or suggest increasing about $500 
million a year. I mentioned earlier that we thought that the pro- 
gram ought to be $1 billion — I am sorry, $100 million a year, $500 
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million over five years. That ought to be about $1 billion. There is 
currently about half of that in those levels for these kind of pro- 
grams. So we think it ought to be increased but not by the full 
amount that I said. Importantly, I think it ought to be increased 
to be transmission and distribution system R&D, not just for the 
transmission system. The very things that we talked about here 
that are really done at the customer level typically are through the 
distribution system, and so it is important that the R&D do both. 
We need to modernize the whole grid, not just half of it. And im- 
portantly, too, to include demonstration projects so that the De- 
partment can work with those utilities or those customers who are 
at the leading edge of technologies and help support the first appli- 
cations in order to get those technologies demonstrated and really 
into working order. 

So I would emphasize those three elements of the R&D program. 

Chairwoman Biggert. Thank you. 

Dr. Smith. 

Dr. Smith. I am sorry. I have no more comments on that, but I 
may have another question later. 

Chairwoman Biggert. Okay. 

Dr. Smith. I am learning here on some of this technology, okay. 
My background — I do have an engineering — electrical engineering 
degree, but it is from Cal Tech in 1949, and I don’t stay up. I am 
doing economics, so I am really delighted with this 

Chairwoman Biggert. Well, we are delighted that you are here, 
so thank you 

Dr. Smith [continuing]. Interchange. 

Chairwoman Biggert [continuing]. For your contribution. 

Mr. Casten. 

Mr. Casten. I would like to give you a very clean answer. The 
regulation. The — a veritable Hoover Dam that holds back thou- 
sands of technologies that — many of which appropriations of this 
committee over the years have helped to bring forward. But they 
sit there. Let those flowers bloom and then we can do a better job 
of figuring out what kind of new fertilizer we need. Right now, we 
don’t know where those flowers are going to go, because they are 
all held back. So fix the regulation first. 

Chairwoman Biggert. Thank you. 

Mr. Lampson. I want to go back to Dr. Smith’s question. What 
is the solution? Is there a solution to this? Is there a way to reach 
a point? Is total deregulation of letting anybody go out and do 
whatever they want to do the answer? What 

Dr. Smith. Well, regulation by — people are always regulated by 
markets and prices. The question is how free should those prices 
be? And Mr. Casten was saying that is — in answer to my question 
here is we have these technologies, which also have the advantage 
that they completely bypass the grid, so you don’t even have to use 
this. You don’t have to worry about more investment in it. Al- 
though it still may be used as a backbone, as a backup, of course. 
And there just isn’t the price incentive there for anyone to do it, 
to invest in that, because of the local regulation. And I agree with 
Mr. Glotfelty that the problem is really at the State level in the 
kinds of issues we are here — that I am talking about. The problem 
is at the State level, and that is why I am spending more of my 
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time at that level and not up here testifying in Congress, because 
I think that is where the problem is. 

I think the danger, though, is that if that is not fixed at the 
State level, then at the national level we will do things that are 
not cost efficient because we are forced at the national level to in- 
vest in more supply side capacity and that is not at all — need not 
at all be the most efficient way to create a more flexible system. 
I don’t know whether it is feasible to — for the feds to simply de- 
clare that electricity is a commodity, whether it crosses State lines 
or not, and gets in the business of separating wires from energy. 
I think that is what we have to do. Energy is a commodity that can 
be supplied competitively. And the local utility ties in the sale of 
energy with the rental of the wires, and they have good motivation 
to do that. But I believe that that should be — they shouldn’t — that 
tie-in sale should not be taken for granted as a part of the regu- 
latory apparatus. And that should be entirely opened up so that 
the energy part can be supplied competitively, either with demand 
interruption technologies and control or with generators closer to 
the customer. 

Mr. Lampson. Well, this has all been fascinating, and we have 
lots more to learn, and I am sure that we will be spending a good 
bit of time before we take the next steps, but thank you all for 
being here, and thank you, Madame Chairman, for letting me par- 
ticipate. 

Chairwoman Biggert. Before we bring the hearing to a close, I 
would like to thank our panelists before the Subcommittee today. 
You truly are experts, and we have — I think we have had a great 
hearing, thanks to you. So if there is no objection, the record will 
remain open for additional statements from the Members and for 
answers to any follow-up questions the Subcommittee may ask the 
panelists. Without objection, so ordered. The hearing is now ad- 
journed. 

[Whereupon, at 12:05 p.m., the Subcommittee was adjourned.] 
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Answers to Post-Hearing Questions 

Responses by James W. Glotfelty, Director, Office of Electric Transmission and Dis- 
tribution, U.S. DOE 

Questions submitted by the Subcommittee on Energy 

Ql. The creation of the new Office of Electric Transmission and Distribution sepa- 
rated R&D for transmission, distribution, and interconnection from R&D for 
distributed generation. What was the reasoning behind this ? How do you intend 
to ensure that these R&D programs remain coordinated ? 

Al. The R&D division corresponds with appropriations subcommittee lines (distrib- 
uted generation is under the Interior and Related Agencies Subcommittee; T&D is 
under the Energy and Water Development Subcommittee). The new office includes 
all of the activities previously funded in the Electric Energy Systems and Storage 
activity in the Energy Supply account (EWD appropriation): high-temperature 
superconductivity, energy storage, electric transmission reliability, and distribution 
and interconnection. The Energy Conservation account (Interior appropriation) 
funds R&D on industrial gas turbines, micro-turbines, reciprocating engines, and 
materials and sensors for those engines and turbines. 

Distributed generation is a critical component of a portfolio of technologies that 
will help us over the next decade to achieve a more reliable and efficient electric 
system. However, it will compliment and supplement existing generation, not sup- 
plant it entirely. Even if distributed generation contributes 20 or 30 percent of new 
capacity additions in the Nation’s electric system over the next decade, hundreds 
of gigawatts of electricity would still have to travel over the transmission system. 
The new Office is committed to a secure, reliable, economic electricity system uti- 
lizing all of our generation assets and technologies. We will work closely with both 
central generation (including large-scale renewables, coal, nuclear, natural gas) and 
distributed generation. The program managers assigned to distributed generation 
R&D and those assigned to transmission and distribution R&D will continue to 
work closely together, share information, and participate in each other’s peer re- 
views. 

Q2. In your testimony you state that distributed generation has important contribu- 
tions to make, but will not be the single solution to reliability concerns. What 
is your estimate of the size of the potential market for distributed generation ? 
Please include your assumptions about technology costs, etc. 

A2. One estimate I have seen is that of Resource Dynamics Corporation, an energy 
consulting company that utilizes an extensive set of tools including proprietary data- 
bases and models to develop innovative business solutions for energy technologies 
and markets. Based on their analysis, today’s installed distribution generation is 
169 gigawatts, which includes some 134 gigawatts of backup units which can be 
used in the event of power supply failure. The distributed generation potential 
(using current technologies) is about 80 gigawatts (which includes combined heat 
and power and peak shaving, but does not include backup units). It grows to almost 
180 gigawatts when future improvements in distributed generation technologies and 
some more innovative applications (e.g., customer aggregation) are considered. 

Q3. Last year the General Counsel for the North American Electric Reliability Coun- 
cil (NERC) testified that “Some entities appear to be deriving economic benefit 
or gaining competitive advantage from bending or violating [NERC’s voluntary] 
reliability rules.” Is there a technology remedy for this problem ? 

A3. Installing systems to monitor conditions regionally and respond to potential 
problems more quickly is one remedy. High-speed, time-synchronized data systems 
that are now being deployed could be used to track and predict the potential for out- 
ages in near-real time. However, this high-speed dynamic information could also be 
used to do state estimation, system model improvement, and recalculate the “secu- 
rity” of grid in real time, providing the results to transmission providers for their 
system and neighboring systems. If mandatory reliability standards were in place, 
these systems could better detect non-compliance, and with the potential for pen- 
alties, the monitoring alone would provide incentive for compliance. 
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Questions submitted by Minority Members 

Ql. What sector makes up the largest percentage of electric load: household, indus- 
trial, commercial, etc. ? In the next decade where will we see the largest increase 
in efficiency? Where will we see the largest increase in demand? 

Al. The Energy Information Administration (EIA) estimates that residential sector 
comprises the largest percentage of electric load (roughly 36 percent), followed by 
commercial (roughly 32 percent), and industrial sectors (roughly 29 percent). 

On the upstream end of the supply line, energy efficiency involves getting the 
most usable energy out of the fuels that supply the power plants. The EIA estimates 
that nearly two-thirds of all energy used to generate electricity is wasted, with 
transmission and distribution losses amounting to nine percent of gross generation. 
Thus, combined heat and power, coupled with new technologies applied to the stor- 
age of energy and the transmission of electricity, will contribute to energy efficiency. 
With respect to load, several energy efficiency programs at the Department affect 
the commercial sector. These programs are designed to stimulate investment in 
more efficient building shells and equipment for heating, cooling, lighting, and other 
end uses. 

According to EIA projections, the largest demand increases are expected in the 
transportation sector (2.8 percent annual growth between 2001 and 2025, but with 
a tiny fraction of the total electricity sales), followed by the three much larger elec- 
tricity sales sectors: the commercial sector (a 2.2 percent annual growth between 
2001 and 2025), the residential sector (a 1.6 percent annual growth between 2001 
and 2025) and the industrial sector (also 1.6 percent annual growth between 2001 
and 2025). 

Q2. Despite the inevitable increases in efficiencies of household devices, do you be- 
lieve demand per household will increase as more electronic devices are added 
to average house and the average house gets bigger? 

A2. Yes, but not at the rate of increase in the 1960s (over 7 percent). According to 
the EIA ( Annual Energy Outlook 2003, p. 66), 

“The continuing saturation of electric appliances, the availability and adoption 
of more efficient equipment, and promulgation of efficiency standards are ex- 
pected to hold the growth in electricity sales to an average of 1.8 percent per 
year between 2001 and 2025. . .” 

Q3. You mention that reliability will be enhanced when grid operators are able to 
make adjustments in real-time, to fluctuations in demand. Why are they not able 
to do that now? In terms of personnel, what are the primary hurdles towards 
achieving a smoother running system? 

A3. Most of the electricity in our country is generated at the moment it is needed. 
To meet changing electrical demands, some power plants must be kept idling in case 
they are needed. These plants are known as “spinning reserves.” During times of 
high electrical demand, inefficient power plants may be brought on-line to provide 
extra power, and the transmission system may be stretched to near its limit, which 
also increases transmission energy losses. Thus, today, adjustments to demand are 
primarily made at the gross level (i.e., day-ahead markets, backed up by spinning 
reserves). 

Price responsive load, or demand response, programs could be more efficient in 
responding to demand fluctuations in real-time. However, wholesale market and re- 
tail rules that allow grid operators to use demand response are limited. Retail pric- 
ing and demand response programs are largely controlled by the States, and it is 
difficult for grid operators to influence them. 
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Answers to Post-Hearing Questions 

Responses by T.J. Glauthier, President and CEO, Electricity Innovation Institute, 
Palo Alto, CA 

Questions submitted by the Subcommittee on Energy 

Ql. Which of the technologies you mention in your testimony could be deployed to- 
morrow on a mass scale ? For the technologies that can’t be readily deployed, 
what are the barriers to near-term implementation ? 

Al. One relatively simple technology developed by EPRI and successfully dem- 
onstrated by several utilities could contribute to improved system reliability by ena- 
bling increased confidence of safe loading levels for transmission lines above their 
conservative static ratings. By integrating real-time sensor data on ambient tem- 
perature, wind speed, and line sag on specific circuits, EPRI’s Dynamic Thermal 
Circuit Rating (DTCR) system allows operators to move more power on lines with 
reduced risk of thermal overload. DTCR is low-cost and can be quickly deployed on 
thermally constrained lines. Other near-term steps that could contribute to im- 
proved reliability include improved operator training, both for normal operation 
under heavy loading conditions and for service restoration from outages. 

On the hardware side, a mid-term solution for increasing the capacity of existing 
transmission corridors may soon be ready for commercial deployment: advanced 
high-temperature, low-sag conductors. These advanced conductors have the poten- 
tial to increase current carrying capacity of thermally constrained transmission 
lines by as much as 30 percent or more, and demonstrations are underway. 

Loop flows can be controlled with solid-state power electronics technology, such 
as Flexible AC Transmission Systems (FACTS) technology developed by EPRI and 
power equipment vendors. However, FACTS technologies are still emerging and 
their cost and size must be further reduced through continued R&D efforts before 
they are economical for widespread deployment. 

Development of a number of emerging technologies that are still not yet ready for 
commercial deployment could benefit from increased industry and government sup- 
port for demonstration efforts. These include the demonstration and integration of 
new inter-system communication standards based on open protocols to enable data 
exchange among equipment from different vendors, including SCADA and EMS sys- 
tems. Two prime examples of such standards are the EPRI-developed Utility Com- 
munications Architecture for connecting equipment from different vendors and the 
Inter-Control Area Communication Protocol for linking control centers and regional 
transmission organizations. 

A more complete description of how advanced technologies can help improve 
power system reliability and what barriers need to be overcome is presented in the 
EPRI report, Electricity Sector Framework for the Future — which may be 
downloaded from http://www.epri.com/. 

Q2. You’ve outlined several specific actions in your testimony that government, in 
conjunction with the private sector, can take to ensure grid reliability in the fu- 
ture. What is the current level of investment in grid infrastructure by the private 
sector and what should their investment be in the future. What about for R&D 
investments ? 

A2. As discussed in the Electricity Sector Framework for the Future, Vol. 2, pp 29- 
30, infrastructure investment levels relative to revenues are now below the levels 
seen in the Depression of the 1930s, producing an “investment gap” of at least $20 
billion a year. For example, electricity sector investments in transmission assets in 
1999 were $3 billion, approximately half of what they were in 1979, and 30 percent 
of the recent peak level reached in 1970. In October 2002, energy analysts at Oak 
Ridge National Laboratory estimated that $56 billion of investments in transmission 
infrastructure was needed in this decade just to maintain the current quality of 
transmission service. The current level of capital expenditures is far short of this 
minimum level. 

Looking toward the future, EPRI recommends a research and demonstration pro- 
gram that will require increased federal funding for R&D on the scale of approxi- 
mately $1 billion, spread out over five years, with the private sector contributing 
a significant amount of matching funding. These R&D and demonstration funds rep- 
resent an investment that will stimulate deployment expenditures in the range of 
$100 billion from the owners and operators of the smart grid, spread out over a dec- 
ade. 
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Q3. What is your estimate of the size of the potential market for distributed genera- 
tion? Please include your assumptions about technology costs, etc. 

A3. Most estimates show distributed energy resources (DER) eventually rep- 
resenting 10-20 percent of U.S. total generation, depending on a variety of assump- 
tions. EPRI does not have its own estimate. Rather, we have focused on determining 
the market potential of DER in particular applications. Specific findings include: 

• New DR applications for baseload electric-only and co-generation are fairly 
limited. Economics for these applications are only favorable in areas with 
very high electric prices, low gas prices, and sites with good electric and ther- 
mal load profiles. 

• Future peaking applications may offer important opportunities for using DER. 
For example, peaking DER can be applied in combination with a number of 
different electricity contract types, including time-of-use rates (to avoid buy- 
ing power during peak price periods), interruptible rates (to sustain oper- 
ations during outages), flat rates (to present a flatter load profile to the elec- 
tricity seller), and rates with peak demand charges (to reduce peak demand). 

• Significant opportunities may exist for selling DER for backup power to busi- 
nesses that have not traditionally used DER for such applications. 

• DER projects that provide multiple solutions to a customer (e.g., heat and 
electricity) are much easier to justify economically. When considering a DER 
project, all potential benefits need to be explored and economically quantified. 

In Attachment A, “Analysis of DER Applications Potential,” Table 1 shows the re- 
sults of our analysis for baseload electric, co-generation and peaking power DER po- 
tential in the industrial and commercial sectors. Tables 2-4 show the assumptions 
involved in the analysis. 


Ouestions submitted by Minority Members 

Ql. If it is going to take ten years or more to get the smart grid developed and imple- 
mented, are there steps we need to be taking to make the current grid more reli- 
able in the interim. Are we adding complexity through distributed power? Do we 
need to go slow on this or other innovations? 

Al. Although ultimately revolutionary in its effect, the smart grid will be evolution- 
ary in its development. Some pieces — e.g., current utility applications of DTCR and 
FACTS — are already being put into place. Others, such as the Dynamic Risk and 
Reliability Management (DRRM) system, which would enable system operators to 
react quickly to grid conditions that threaten to cause outages, will require that a 
sophisticated system monitoring and communications systems to be implemented 
first. It is therefore vital that government and the private sector to work in partner- 
ship in demonstrating and deploying new technologies in an orderly fashion. Specifi- 
cally, EPRI is already engaged with several utilities partners to demonstrate DRRM 
tools on their transmission systems, and we propose a public-private initiative to 
hasten their widespread deployment. 

The role of DER in improving power system reliability is complex. In general — 
everything else being equal — the closer that power is generated to loads, the greater 
potential for high reliability. Put another way, the longer the lines used to delivery 
power, the more potential there is for interruptions. Conversely, however, if DER 
is not integrated properly with the existing grid, both reliability and safety may be 
jeopardized. For example, linemen may be injured if power flows in an unexpected 
direction along a distribution line because of a DER unit on a customer’s premises. 
To make sure that increased use of DER supports reliability and safety, EPRI is 
helping develop new interconnection standards (discussed in more detail below) and 
is working to make individual DER units more “plug and play” compatible with ex- 
isting power systems. In the language of the question — the point is not to go slowly, 
but to go carefully. 

Q2. We set up safety margins in other lifeline institutions. For instance, in the bank- 
ing industry, a certain percentage of the financial assets of a bank must be kept 
as reserves, and energy generation reserves are a long-established practice in the 
industry. Do we need similar limits on percentage of resources that can be used 
with regard to transmission capacity? 

A2. A distinction should be made between infrastructure capacity versus 
consumable resources. Bank reserves and fuels for electricity are consumables, 
which can be used to reduce the probability of it running out. Power plant capacities 
and transmission capacities, on the other hand, represent fixed infrastructure, re- 
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quiring long lead time for construction. Because they are highly capital intensive, 
it is not economical to overbuild by a large degree. And once these facilities are 
built, the costs are sunk, so it makes no economical sense not to make use of them 
for normal operation. An analogy is building a highway with more lanes than cur- 
rently needed. It does not make sense to block off a lane from normal usage and 
hold it in reserve. 

Because generator and transmission capacities have measurable probabilities of 
outages, however, extra generators and lines are needed for backup when outages 
occur. In this way, the backup units that are not directly affected by an outage will 
generally be sufficient to keep most of the grid intact and deliver power economi- 
cally. 

In the case of setting safety margins for generation capacity, the rule of thumb 
is that for most regions, a 15 to 20 percent reserve margin (based on the annual 
peak load forecast) would be adequate. With transmission, however, there is no com- 
parably simple reserve margin to compute, because the loading of the transmission 
lines changes frequently in response to economic dispatch or wholesale power mar- 
ket fluctuations. Flows can go in one direction at one time and then in the opposite 
direction some other time. Lines are often loaded to the maximum operating limit. 
If the demand and the wholesale power market cause certain transmission lines to 
be loaded above their operating limits, then the grid operators can usually re-dis- 
patch the generation or curtail the wholesale power transactions so as to keep the 
loadings below the operating limits. The extreme remedial action would be to curtail 
firm customer loads. 

The question thus arises of how to set transmission operating limits, based on the 
concept of providing an adequate safety margin. NERC requires that no trans- 
mission line or transformer should become loaded above its reliability limit upon the 
sudden outage of another single transmission line or transformer, anywhere else in 
the grid. This requirement is known as the “single-contingency criterion.” For exam- 
ple, if two transmission lines serve an isolated area, then the loss of one of the two 
lines must not result in overloading the remaining line. For example, if each of the 
two lines can carry 100 MW of power, then the maximum amount of load they can 
serve together under this criterion is only 100 MW. Most of the time, when both 
lines are in service, they will share the load between them — each carrying 50 MW, 
with 50 MW of spare capacity. Then, if one line goes down, the other can safely 
carry the full 100 MW load. 

The single-contingency criterion is based on the assumption that if a line outage 
happens, the operator will know about it immediately and take corrective action to 
bring the system to a safe operating condition where with the possible onset of an- 
other line outage, the system is still reliable. The rating of the transmission line’s 
operating limit is based on this reaction time. For thermal overloads, the rating is 
typically based on the ability to sustain 30 minutes of this load level without phys- 
ical damage or without sagging onto trees, causing a short circuit. Thus, if either 
the monitoring equipment fails to notify the operator, or the corrective action cannot 
be taken within the 30 minutes to relieve the overload, this single contingency cri- 
terion will not be adequate. 

The blackout of August 14, 2003 has brought these two potential problems into 
visibility. First, alarm systems or state estimators could fail to notify the operator. 
Second, the re-dispatch or curtailment process may either not work properly due to 
bad data or too lengthy a communication process. Thus, to compensate for these po- 
tential factors, it may perhaps be necessary either to re-examine the definition of 
the operating limits, or to change the single-contingency criterion to a double-contin- 
gency criterion, or to a probabilistic reliability criterion. In any case, it is likely that 
this will result in the need for more transmission investment so as to provide the 
additional safety margin. 

Further information about efforts to improve grid reliability in response to the 
dramatic increases in inter-regional bulk power transfers that have resulted from 
industry restructuring is presented in Assessment Methods and Operating Tools for 
Grid Reliability: An Executive Report on the Transmission Program of EPRI’s Power 
Delivery Reliability Initiative. [Note: This report appears in Appendix 2: Additional 
Material for the Record.] 

Q3. Are there areas where our standards development is inadequate and is there a 
federal role in funding the development of consensus standards organizations 
that work with your industry? 

A3. Industry and government have a long history of working together closely with 
standards-making organizations, such as the Institute of Electrical and Electronic 
Engineers (IEEE). Recent work on the IEEE 1547 Standard for Interconnecting Dis- 
tributed Resources with Electric Power Systems provides an excellent example. The 
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three-year effort has been fully supported by the power industry, EPRI, the U.S. De- 
partment of Energy, and other stakeholders. 

This new standard establishes the technical foundation for the interconnection of 
all distributed energy resources (DER) with electric power systems. It ensures that 
major investments in DER technology development by the power industry and gov- 
ernment organizations will result in real-world applications providing alternative 
sources of electric power to the electric utility operating infrastructure. The IEEE 
standard may be used in federal legislation and rule-making, in state PUC delibera- 
tions, and by more than 2,500 electric utilities in formulating technical require- 
ments for interconnection agreements. 

The efforts and commitment of the many stakeholders were instrumental in the 
fast-track success of the standard and in the implementation of the complementary 
1547 body of standards-development activities. EPRI and numerous other organiza- 
tions have hosted the meetings, and many companies have supported the participa- 
tion of their employees. Altogether, the 1547 Working Group has involved more than 
350 members. To further aid in the safe and reliable integration of DER with elec- 
tric power systems, the Group is currently working on a series of ancillary stand- 
ards related to testing (P 1547.1), applications (P 1547.2), and communications (P 
1547.3). 
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Answers to Post-Hearing Questions 

Responses by Thomas R. Casten, CEO, Private Power, LLC, Oak Brook, IL; Chair- 
man, World Alliance for Decentralized Energy 

Questions submitted by the Subcommittee on Energy 

Ql. Which states or regions — or countries do a good job of supporting distributed 
generation ? Why do you think this is? 

Al. No U.S. state does a good job. New York, personally encouraged by Governor 
Pataki, has developed standard interconnection rules for very small DG and has 
started to address standby power. California, reeling from shortages and brownouts, 
has claimed support for DG and offers some avoidance of penalty rates for small 
DG. 

However, several countries are doing a surprisingly good job in supporting DG. 
Portugal leads in leveling the playing field. The single national grid company is re- 
quired to purchase DG under a formula that considers the avoided cost of central 
generation, the transmission capital saved by local generation, the transmission 
losses saved by DG, the impact of recycling heat from DG on pollution, and the 
availability of the DG. By contrast, no state in the U.S. gives any credit to the DG 
plant for any costs beyond avoided cost of central generation, ignoring the savings 
of T&D capital and losses and the pollution savings. 

Indian regulators have had a recent epiphany, recognizing that the country is 
starved for power, has up to 50 percent losses in the grid (compared to 10 percent 
in U.S. on average) and that one of the country’s major industries, sugar cane, could 
produce significant power without fossil fuel, saving imports and carbon emissions. 
One-year-old policies provide 13-year contracts for DG at full value and require the 
local grid to pay half of the costs of interconnecting with these local generators. 

China, operating in a command and control mode, does not allow new factories 
to build boilers for thermal energy when there is a nearby power plant that can sup- 
ply waste thermal energy. China increased power output over the prior decade by 
roughly 45 percent, but actually reduced CO 2 emissions by nearly 15 percent in the 
same decade by promoting more efficient DG. 

In general, I think the public and its leaders accept the central generation para- 
digm without much thinking and the monopoly protected utilities, beneficiaries of 
the resultant practices, find it in their interest to maintain the laws and approaches 
that prevent more efficient, but competitive DG. When a polity comes under intense 
pressure, all assumptions come under question. New York lost industrial jobs and 
“enjoyed” nation leading high electric prices and began to change. California power 
crises caused thinking. Indian poverty finally toppled conventional wisdom. 

Q2. What steps should the Federal Government take to allow distributed generation 
and combined heat and power to compete fairly? 

A2. 


• Reshape all debate to consider the delivered cost of power. 

• Use antitrust laws to vigorously oppose state rules that limit private wires 
or otherwise prevent DG from competing to supply customers with electric 
power. 

• Revamp EPA rules to focus on permit limits and allowance trading programs 
based on pollution per megawatt hour of useful electricity or thermal energy, 
applicable equally to all heat and power generation, eliminating all grand- 
father rules, legacy pollution permits and differences between types of plants 
and age of plants. This will reward efficiency and force the industry to build 
power plants close to users where thermal energy can be recycled. 

• Focus research and development support on energy recycling technologies, 
which are inherently DG. 

• Exercise federal jurisdiction over power regulation as the interstate commerce 
it truly is. This will lessen the power of local monopolies to preserve anti-com- 
petitive rules and should lead to more functional markets. 


Questions submitted by Minority Members 

Ql. What future role do you see for the national laboratories in helping to fulfill 
your goal of building more local power, building smaller units and recycling 
waste energy? Are there specific programs in the laboratories that should be bet- 
ter funded or redirected to produce the needed technologies? 
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Al. There has been very little work done by industry or the labs on the technologies 
that recycle low-density waste energy. Industry rejects vast quantities of exhaust 
heat that does not support economical electric generation with conventional Rankine 
cycle steam plants, but which has higher quality than the typical geothermal field. 
Technology does exist (organic fluid Rankine cycle) to recycle this heat. Small tech- 
nical improvements would help economics. 

The proof of feasibility for recycling can be found in a typical geothermal field. 
A California geothermal project described by LBL taps thermal energy from the 
ground to produce 40 megawatts of electricity. A 250-megawatt coal fired power 
plant exhaust contains the same quantity and quality of energy in its exhaust, and 
could, using current organic fluid Rankine cycle generation, produce an added 40 
megawatts with no added fuel. Without the subsidies received for “renewable” en- 
ergy by the geothermal installation and using today’s technology, it has not made 
economic sense to recycle coal exhaust. The labs could work on increasing the effi- 
ciency and capital efficacy of low temperature recycling, which would lead to 
myriads of DG plants wherever factories exhaust waste heat. 

The labs, especially LBL, have documented some of the potential to recycle waste 
energy from U.S. industry and gathered information about how other more effi- 
ciency focused societies do a better job of recycling energy from steel, primary met- 
als, foundries, glass production, etc. The results are in obscure technical papers that 
never reach policy makers or the general public. The labs could popularize this in- 
formation to great advantage. 

Q2. You list as one of your approaches (page 4) to finding solutions the need for 
standardized interconnection access for distributed energy sources. 

A2. There are, according to DOE, over 6,000 DG plants that supply nine percent 
of U.S. energy, all of which are interconnected with the grid. Yet, every new DG 
plant proponent, with the exception of a few very small plants that fall under stand- 
ard rules in Texas, NY, and Massachusetts must go through extensive hearings and 
subject their designs to individual approval by the local utility, which has financial 
incentive to prevent the existence of a new competitor. These hearings are filled 
with dire warnings of the dangers to the utility workers and suggestions that with- 
out extraordinary prudence, the DG plant could trip the entire grid. Yet, to my 
knowledge, there are no known cases of utility workers being electrocuted by DG 
plants or of DG plants causing grid failure. In fact, the connection of a one-mega- 
watt electric motor has nearly the same impact on the grid as a one-megawatt gen- 
erator. For the motor, there are national standards, incorporated in local codes, and 
no hearing is needed. For the generator, the process could take up to 18 months 
and a great deal of money. DG will not improve U.S. standards of living or reduce 
U.S. fuel use and pollution until there are national standards for interconnection 
of all sizes of DG. 

Q3. What are the unresolved technical issues associated with standardized inter- 
connections? Do new technologies need to be developed to ensure that these inter- 
connections will function more safely and seamlessly ? 

A3. In private conversations, the utility personnel assigned to interconnection de- 
bates admit that there are no major technical issues, only commercial issues. 
Change the rules to make the utility operating the distribution grid embrace effi- 
ciency and energy recycling, and the interconnection technical issues will all go 
away. See above regarding over 6000 installations, per DOE, and add the unnoticed 
100,000 back pressure turbines that generate electricity in parallel with the grid (in- 
dustry data). It is common for the utility community to insist that there are great 
and deep technical issues, because legally trained regulators lack the confidence to 
overrule utilities on safety issues. 

The new technologies most in need of development are hybrid direct current sup- 
ply systems for computer intensive users, and the control technology needed to 
blend on-site power with grid backup to increase the reliability of power from its 
present state, which was designed for the industrial motor requirement, to today’s 
needs for power quality by computers and servers. These technologies, as already 
deployed, start with any type or quality of incoming power, invert that power to DC 
and then prepare conditioned alternating current. Advances in direct current dis- 
tribution and control will make DG the obvious economic choice and move the focus 
away from unfounded safety issues to very real economic and efficiency concerns. 
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d i l~.lJ np£mliin:il >Juili=> and Hi |iljn Tnr llicn niirniiK-djy -:pniniiii 

In Ptiaar II iiflhf IiiiIceIli:. i hi ■ |-n'j.vl Scam wi li dr« r i'p .in im-lr"e L-itfil-'nyiK-Y iiruly-.... 

piugrai and nsk wumiiL'; pniA ii' cnhDnecmcni;'i lc- ihc I'M methPdddFr*- KSI ^). and l ac 

r^nnp Mippirl MP kC ik'ir. llir . in i , !i“:,"iv irJiTTS'^kuail LvainiimJ'ini; and dm r I'ji .1 lu.n-~n iy 

dun Lmk tem-eoi diEtmuBUilari CAd nurkir plans. Iheyc nxils "ill 
"IvrEi-rr,. ih-w <n-|ine. rml-liinr pijtiiv :rki (n wndpal Ki|rr :r< VPim,TilF. i,if trilical 
L'liim/LiiL ki jnd dturmlne jlitmnw caicmh mI ucimi, Iiiizt." L- the accuracy tfiiu PRA 
iii iii r-. i.ij;' . add nr* ciprhiliiinsiu Ik HSIMJund T-ii nranp jnspimv h*)p kiIlu CTiliul 

icuiii iiiiazb.unJ Imptfttudfc: lilldlbl Fill'd It (Jl'id Hdh. lllKledr I'LnY.i 
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1 EXECUTIVE SU MWI ARY 


IT* ?VTih Americas pu'Mir i-ynlem lodif i* in:rta--i^iJy htini: Jfivswd js ■ ntmll nr s-^-'etpinH 

L I L 1 1 1 r> -■ in [fa: ul till rm: [v. rrS rr ininjrjf l^nim:ilii: cl'iuihemii iiiliTiiirh-ii:il ""ilk jkiiilt Iminfin 
ductolndusi} :i.--.:iJlI' J i , h'il ,i:>J a droning dnmpkxli^ In auiktt cni'.HkiiiinE jw [Drang ih. 

i^id » hr u jcd m nays for eiAnth u u-aj n*H un£inally dr-iipi^S. Ibd slnin on (hr *>jlnn is 
n::miffvrauiin-irin nK*v fnrcpm "idr-jim po-wsr dill uitanH* md [Tract * 

In rt-ftin*!-, in luc 1WJ. hPJjl luirutieddic Power iMivcn, kL 'ul ihi- liiiiuii', _• 1 muld-var 
offoel iswsdal > J d r-. 1 ■: -■ i rot I h ..■ clullincPQfiirainiaimiicriixIrk ppnixr^rn reliability 

Ihnn !K|J \irlii A - iTi/a iliinnu jndnJry n.^lni(i|iriiy ' In 1 |niln|jvr mn ir-iliTl:i-.i.~ri mi Ih'lnlf 
i.-t -J>j U.S. dearie p< iwer In iluur^ iiiil.ii ihereqimi □f'trcr^j ciMipanlti ihtNonh Aniuiejn 
Tlroinc kdsahilily Cmnril <NLflC'l. ilu AswcHiicn trf Ettawi I hmmxin; •_ . mi ip *i licr-. ill'. 

IF FT Pnuir Fr>;im,-i-im Svrivly, i'-j.- EOton FJwcIrlr ►»! nl *v l I'F'I ), :inH riliiT organ iza limn 
Pjn: til [wiiii mi =iiIil-- ilit- Irani minimi a taulbuilon (nr tHriiib puuoni nl'dit Irihluju; 

-I ' iruiiibern. 

The Bdlujnhc Iniliil it . 1 .irv |n qmijcrilrmij (hr nwl i-.nin'i -iif IVfVrt pm\r i HI lag l"* IdwUriV 
■jiiiI.i I;, u 1 ^ |i|i ■l:k " 1 - 111 [hin,[± lyiiemi, Jnd i'j'.di'r EOdts 111. impii 1 . r >; ,l.ni reUnMny. 1 fi 

■rcliiCT (.■ dww idgednES. cJk IniLiinfw reiaMhlud cun sepiriit'. tun parallel, extjthti* enw» 
:icUm*- ivliiWr-hy i in Ibr inmiminkn grid, and Ihc nihtr in Iwinm irfabilily im pint men 
dihirilniiiM \y ilnu>. 

Paaw I isr'iJv Iniiirniw: btcui wrhirowMiirt'i Inunib mi Irw I’/ni arid n-iH bo cnniffclt m 

April 7 1 H 1 1 Vi r:ii -J r 1 1 lt: L..FJ n M in I L — I Tniri Icnilcn, FPH| in i-i.Il- limp I Ik Imlcilivr Inin IMiim: 

JL i hit .li.mj v,illfcv« j| III .tylil 3CCI .ml i.i.lL-iJ .j 1 - M. 1 1 1 M , r. . I;. 13- IK BMHTlhf kflll] CkldtMT 

2 imj i mv I iL'.ri L-|J. 
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i f i'r'i bTl 1 1 * 



Figure Irt Tlmejlnt nr Pnn^r 

^cvlinn I tvflhi' rvpm rr iT 1 'A , v . 1 brirf awnn'iinf nf ihs T tut-.—. i ■. ■: h m p p.-un n ' nf'iln- P-uuvt 
lh.-lii.-riy Kvli:iliilil> I r.i i j I ILL. Il rt-t iuu^ Ihu Hu riLiniiii|ilihliiiiciilMii' TIm*!.- I, I L'. : 1 1 1 1 III.' 
,. T . Mill ,k:L .,1.1 ■■ il-l r IT I ,.| „ .1 ll PI.I-. ■■MlvImIL- Ml Hl. L- -.1 Ji;il|l -..l.i:r.". III. 

flcllfuittt punned (<* Phase II, Hd uptime ihe organ inn inn of ihie repfiJL. 


1-1 
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OflmiL' «WW7 


fhas? I 

l"-. it- I at Che Tmimlulon Program an iuo lmjIj. TUi: llm-rfr^iivci-ifc.ui imprirtr 

ret iihililyrefe EHsesrmenls of iransmifsim isrkfe. fhi; ■witl™ Ihr fiiw. LWiprihmsiyr tiffosi m 

i'.' "iln. i :i*\t-hLHKi||H -iif pim it Ill .1 iiirLaJi'-. I '-»■■ p-iikihilily Hiilun.- Tin- uviiih-l i-hjivli’. .* 

, Hi.r-n I v. 1 -. Ill JmOlnp v" ML. II- :.I MI > !■■ Ii- 11111111-. . -.-. -Iliii idi.i’ ;i:j I Ii.--.l- I- 4 :l> vmliV 
-Ji.- ■ _ 1 1 L-.J hi mil.': eriikfil bchIs (a r (be >u ’:iiiL-r ml 2IH*0. 

T-Urt kiipijil-. Ill III.- Iti-kil'il-lv Iml liIil r w-r hn-ufil r- 4 j. fmiii iIe; fiJIiM* inf Phiirc I 
iKoxnfillBlirTKfTti: 

* Np» BiHDmrnl jnrriml' :<hI deUTininc Iht rirk cyf jwiwrainr rwl iund Miluiv. vst >k« iht 

■ ■■;■ 1 . 1 1:!" -i-tC : Iilnii--. .MK. riTV-M-Mii- -.1 Hllnriiipivch III -l-iiIliiii l: VLi-lL-m n: ilnlih 

■ Sl-ii iiii-iiin M|iL-iLilrac diKik., 1I1-1 L'k^Lxl -n r-.-i-.w:l nir.- In k.-lp rrwrl kiiimiikt 7 MIII 

m- lii l h iv-.ihk: ai j 11;, .in'i'Jiii j.'.i -. «M aunlmr iuiik 3 .iincinlnri.u 1*. ‘Lul-dmu ink riYuinih on 
key y»".- '.T ! i ■ 1 u- - . hn-. ■ j 1 ; in..- ■■ jm,I :ni~sioii'in scho Julcn- In a- nid >11 si J ensure 
unly-p-TM -- 1 r its rr iilnlily 

J-OThtr. panioipems ire luilming Nil- fnllnu-inp henrfis: 

* CirtilKf jlli lil i In ili'E-i nil iuLL ddkftf u«lnfcr% mil IMDH wrturc V. iik -1.1 l:j upH'tflull lllU 

support* a npdly Biun-mg. ..’-..i I..- punier marlocl. 

* Cwpwillnn nmanB Indvlry hiUtmk jikI a pwlmi; of rasnima w xhir> i' benefits >it 

niuj il jpICTCNl li mI | u ill: A . I'i fiir h 1 1 1 ML' un 1 1 j I H 1 r 1 1 i 1 in\ 

11 k PlihM: I UK plitliAknlta and dfeir v aha: aiv «kwi IIkiI Ivlnn I'jkn kC TiMl I- Ik 
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TfBte 1-1 RiMI I AfCt't1pl4><Tll*r1ti 


EMiraivslH 

□■In OflhHid 

UtafcM 

fodoh FcM.fr Diir^tv RetrtHrif 
Issuas Tt! -Cho»e*>ao 

JWusr,! EXE 

En^tishoc- to 5*1 no. 0 r 4 

Ito-iod atM*™non ol o** 

loo > *is o-om^ii 

F&HJrl F‘ i i^j t- a 1 1, ftsi^ 

><jiui aarrivil fur Uh Etz-l/Jm 1 1 1 
■ r.rJiri A' PH In KM*" 

J ■nurfMOi 

Dviimjr£jiuLwl uLitaSy □' 
iihL-liJ:4-:-^i> Id KlMihij 
li-:lltii«i$,» iltiriYfil 1 mil a mi ■ 
.i-H iknir.iir-rl [f^rnknl iMkw rl 
mHhW i**: nyprtfrmg ipMom 

RODOn App4G1l*0^ Df 

RoMMsIC Rfiiijbl^ 

Asms snr*n io u R in ol iho ^EF 
Bjikm 

'■- 5 -y !«■’ 

CO'*""td jnd qiA-|ilH -D>l0pQ 

PVUMTH jnd (OrrJ..-, "K 

V -orttO Vj'-i.'V.L-'. l'> 
ll-ldbTO'U 'jLi-^l.l JPL J ifHLUlJ 
i|l|Mi 4 K^i m 3 iFiiwi*± tAU?iui 
ir |r:l^:H^o r-i nln y I r-:-r u - 

Iflapm PirhshApI r |iinnNr-,« 
i‘w«r»'l Ol It* f-Mltm 
Hu[jjiii«tkm 

JVlrtiWI 

1111 irf'M.il- tirwvH^h iMlnf rl 
l-l-IO -lHhi^-oftOj .Imr. «k 
M ljrtjr* liarionsiisloroo* 
deftfiniH; ird HliUkh raring 
pOtfll fry UHHD Lhlt» 

Flipvi-ui MPj 'CtHiHUniii htiiLpi 1 - 

ipgu i Pil^iwh 

wmui 

Wt\ flUlllC tuulrtl yHIMUkUl 

Ilej-I |« LuJhiM Is uiKkid 

i .' ! 1 f; nr : ■,■ fti i ■ 1 f*m p 

niUrtiNIr mwjly lulttf 

IPRIj Pnosrj-n 

Atmmi 

vni lyo-i+f- vxon) .J*r»srTRn 
lr»l lor 1rn4*<T It CtfuMO r»!t< 
irute**- Ol WfrtOKl -jnj VGl&gt 
unitv 

Euiitiu BUM Cv*nrj- H 
il'hii^Bii 'i\uihilp:|j 

Afrt 11 ran 

CilhiivJ J| J ' LI 1 1 lu HhHMUPJ 
p---=4Juiii ul ujirrv ' KlFJ. unJ 

hJMll:l|TIP4 Suoll JlflJ rtHhHffl* 

Irr pjnrw TCI If! 

RoNTtln-SKOriyQju 

JtnelHRO 

50«K*1j noH*f COCWfl njton 
IW"W" CO mul -1 >W GpOfflfcFl 

AT d MC llflT^ < oord M KfD 

T 14J LjuYp plLifin 

w*ajMi 

li' V - htri rnwi Il-v, 

Man: An J eaAvhl'M- 
luuHliii-kni Lam 

rjimiiruljnn FPffl Mnd 

ht^G 

thgpf 

Pm-rivlM Imii ?r>:+1i 
rl . pi i“i ■ rfi .“1 pvftvfce s-ri 

WIDP&Hj 0* iwrai 
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Pin h LK p i«Hli.tL'i 


CTOYlnjJti' Mil Min^kflr Fir*™ 

indi*iry 

Ongohg 

■mpvra MnfR3»tewm 
-ar^J "rfl(P ItaHtei. 

Gcomtmin* Bumkii sys&n 
a ii Ms urn Em ins 

OrpJWng 

Suppons eCtns m (Tuma-n 
«ciHirPB R upeiaiisn bill 

■ilfeiiii iiuikuT ivaiiyUii 

EriH.iir.-i RwhjI. Mhvmi'fIi'I 

rvhtiuii nu :-ii«iiij-u Tujl in 

Oui -In. kill 

FtMu*rr21H1 

'niWTrtinM U-^'NHHIMllb -Ji 

Phicu ' MIL Lull MM 
phi-iHd r k^!(M 1. 


tp ph*s#j 

^Klirinary fisseHireev; ol I lie rio*1h Airwicar GnC 

In I (iw iwv. LPHI devclqwi a wpon tmiiltd j'iMi.rr£A , . l , l H-tv iHVIkj-W.n Ss&uei: IYW LMjiYLVrwi-r. 

HiEinjKri, - i ! ■ I ■ i ~ mi ..II. .fi ]|K>.\ uiirl£Juiui : ■. : L-.J I r. : - I: I . ; i: I - 1 1 1 1 1 U [' ukCMincrililf 

ditstmis n I ili; Niinli ■Mn.r -. jiij.riJi|iri.>ii;r. .•! imiJ>5is ol Sl-HC. mpuml luliihilii^ccpcns. 

’■ the: I lv uunmonxinp inli-nniiiun oil reumi pjvtr: i-:L^£> mi iiimpiliiig oral Lib It- mil>«« 

■ 'fgjrU rrlnhilily ■ I i|.-ri - .if Ilk: Muslli Tm.’i k'jii p i.l lln "rwpw : -r^d I ■ ■■! ’j llu 
dcntfopiTuncal-ncYi rcvlsjrplniiilircls » h-hf al pncaitsi nttd and '.vri iht IiiJil--i proincul 

Hr pill nH i :iy .nil hit. Mini: 


%nkabii£liGR>? r iatHllY ^HesPTWiil (**RA|i 

The PH. A MellWtlAb^, ilr- du|Ud n Plioe L iilleft uliagCi teiii|-iiih:i j NMK jie. : ilr Iw-I Im 

jAI ncliiihililjf ipiIct taw'loM rTl iitP KYiriaipni. Un>i*v cwliliwql *-Ki"iini?lir 
•MiiiiiiMiuji ltiili u. pha lukubiM i metallic at flit prabtblihy of iinda habit rniiii _ml.i 
mr'a-vn: -nfliv wi.VTil> sr imjwlorilwtrtiFi 

ViJw; mriniki.- .. Kin' >-:«d Ihc PRA la he a enthral «»pinvi» mcihnrt. mil fostered a 
gfejin ud dCkLiHrfkv od IT A imccip ;1.i:jIlt- ji>J i>iv-iivn* Wi'ik in Flia-c I alto 

m. iiil.-il xijaifiviiit pn:|KiiM|flry ™®rfc lowiinl ilckijkpmfnl ttfan whu ri* mwiilMf. whith will 
be- L-uChflklnJ in FI i kk II. 

The PRA |! i m Jr- I lie- iii.-.i i ■ i - ulml II Ill: ii?^l Li ilinr |Hlklili il pul I., lurk, ck.iliult llreii 

adh-cnr imp«,-ie.:Fil mtmnmd rftvtlfrr milieslHW' glhniiMpm. Ii nko cIIgw$ pid pbmnki 
oufb ih. ibikFlIi- heiwuin dir piuhohilliy of a OMUigeiKy omrhii|i mi ihr cnti *r 
■j^irilimnl rMnsrs. l" awid Ihiw racTlinjriww: 

* PTMd-atC.'wsHpl H t giiil Knrilei. ‘■■iuJilt- nl iht prcuiutl epplicccun *1 ilu FRA nuih.il 

weiLeiwJudciJ Im Ivkn - lii ii. .■ ul ill. Sri-,- Aiun-i: ::i l'HiI ill. Him. - i-mi ■ mi In il Aiui nf 
dir ftfHIIIUISICITlI -Liirik K lH I Cfi:i : - 1.> L' I II L 1 1 ISI.KLTflPd Ilu rr-llir.ll iJhK' STB 'll Iht 
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amwin unjvun 


ArimlL-.il'i I -.ikL'ie I'||",UI I ,VI:P| ITOnunluliHI sWIetll. Stull ■» lie Under ■ ■ uy ijftd Vi III Lv 
eompleied dunnc Phase 1 Icr I he- Eastern Ini.r^i mitt liiin 

Value; Tht ayalrwt stndies identified the vnlur and limildthnc of 11 k PH. A nirrhodelupy in 
etodito id" Imps pvrfi me of Ihe Irpi^TJskn rwtn.vrk. duniLiLbirtid IlirPHA tobsu [tHsiUtf 

■ Hr., pr iL-lii-il Imil lif il-Ii^!iI;. . i ^ I — J-' n|, lv-l|;rU. LIT-., rr Lhul III- PH A Ir-rk :rrr Lie 1 .: I|:|H ij 
1 1 ■ 1 1 1 L' I --|4^.|- I. Iv':'ll'll4, IILVll-. Jllil .Il.l^'lvil III. IJFimr- III ill-=1ll: ly Jlicifn l..r L-llJ L\ 1 ->.>l | llll 

determine root dimes, end ewliiuie the ellteii', eiiets el imuguiinn i’iLiiis. five studies aka 
demcr.Mr»ed the reiwihiliiy and value af annlrfime'prQfetibiliatid riii manner in.c system. 

■ PH. A kill ii ill Pi iwi saiilh- r.A,:- BMl^uiML 11 l: I L' A: “irl [ :-| :-dl 1 1 i'p J t ISi'nV ■ fc kj 1 1 idie III 

lenders, IIil E'-m-ii.i: ,md <JpeniAV.il Mar.. • il'iiMVpn^ieii: quidtly puritum^ security 
■. jI'. iiIji '.Hi:- that rru'i iik a itjjimcilu eu imparl Al every ORntingercy on swem renditions. 
The Teohahil>cic Reliebdily ludrs iPRIlprojrMTVcikulales oier.ill risk inci-co elcuerkMil 
trod udlajje srvurt_v furr-ainu zonee <.■ T ^ wiik-jrvM^i'J.vm 

Yulue! 7 1 1: :■ L" ■ 1 1 >is j I ■: Imih i 1 1 j. 1 k 1 m uteri In cmihJijcI IIiL'm nwn rvluliiliLv evvirojileilbi in 
order nr iJuiiiiiV umihii «.kiv hiii^iin.- «> .iihl evwlrp mhijuiian anokoireL 

Near-Tem Operalng "Tdos for Esihannog Ihe Seoufily cf Ifue^cclh Auerioan Grid 

» Alla nil ‘rtnrkMwp. fi wnrkshnp m <Ufonla in Apn IWnj immhkd Nonli Americm 
vvturily rafirdtaaton: to ilisvir^ summer JiMHi . 'slrattHito 

Value! Ik MVKkilMfl rittde nelliM: i. Jmuiii ft* niVic-A iii|j ffciihleftk. lArilAi: 4iini!iK'i I -I 
LW*J, pi nlicmiu pruhleafc. likely m arise ii Lhe AiuiuTpjr ol 30J. describing mols ,i'<| 
preve^uros. already planned, uvl identifying rufouiiiiendjiiun^ k'rorvr.uiue p'liieduiv-. jmJ 
oacnlinuioni Ipt summer 2tKKi oprratkira 

• Peat Time Scl ui its Chit* IJbplaii iH-SCMiy I Ik- KSLH.i month wettn uy riurduuiara null a 
er jrhii.il. ton!"* oy* vie”- □!? iriiibilky er i /• iJl rtieiofi un to ike emu : toroh Amerkun 

^ritl Widdy rtunsdpd ns a "j«*-in-iiiiif'' vjIujHx: ipoI. HSta|>pioi.i(k'5tk wiah-tviMd 
ojprf* lily in dn^kiy vodskiv vilut» ird I— n-i rw uknid TO vntk?il bw«s. ■tn^ihn 1 with the 
i^T(to1idn?l»M>iod»TTK'i»d.t<y^n*tFriSi* ria-ph.Hjl 5(1 “^k^ipiikCT," if^nM-ididi vritk^l 
fiiftlh 4ti soil eir illlifi dul K'lpme i ir-vL" III. f I-. Filly 

'Value: KM.iU jll'V.vi fur toiler Loerdiruujsn between cemro] area itpencor: nrjocurny 
onordiniivrs and improied murciinrieo:kiin'wkie system rrluhiliLy. 

■ Tad. Ikutuf. The 'Tiy I lump " noliw jre pruunui. power syuem Hiferjinr:, umI planners nuA 
ag^n^aied sdiedules.iifwhpIndlepiiw'eroiBbjrLioto.bcoi.iajn [ennol areas or between 
lOturii) enrirdinalnnk. oAihimp rervrily rcerdirulurs to pvrfnrm hnur ahead upenlienal 
siudiea and In plan fat Ihcr cumnt-day opeiatkm Prji'nl fdrii-.rrJi.Tk;il urefiihKaj and 

limvlmi--.-.. ,:illv, iri :ikii „ivi' "-il-.il-. (ill .■ i'. mIjI -J i-j-.iii il.- A . i 1 1 1 ■ L ■ 

Trafilftf C "uiuiiiliL-s (AJQ In fMta -.r, Ihe ■; tped ALvcu I’. INI- Time Inlin-imU kit System 
1 1 IAS IS | Ini rtunel reiLlt Uj.bL 

Value; This »flwtrt imernves ppwra 1 flowm bo pern ancon aenmn.it irt.i to roturnl awi 
basis. TiskotN prid ennpjali'm. and hdrr ;i L,v e prid fnilim's 
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4fj n -Mbr I Ww,f 

Cd Hlf/IA 

* F f 1 R I '> LRC, EPRL nd NERC worted bn^rthtr in OHKxpiiBlizsIta of thr If (Nihility 

I: :l . 1 1 ■ ' E . :Ll'r !ki! i i k kr r | r I K I_l: ! : i mj in r: 1 1 ! I h: li.'-J r v :--ii |i | fT I . 

^ * ta; L ''.HirrlintiirMi of E I'M I jnd Nf RC FilTrul?- nn uide duplicinKi” oOflBal anil -opprO' 

LiHi|KnjliHn .inJ u | >i h 1 i 1 1 1 f iM'iF:iiiiirLL-F VP . k 1 1 1 . s '■ = I ici i e 1 1 ■ in uiujh *T ill— 1 _ul ixCL-n^ 

■ >ueIl-jf Mim-i'i I mliml ih . \eivI: i m: |mrm da.|R:ib. pny. idrd iiiiMiJliilinn Ui- llw hcLciliV? fo 

dr- (kspmdm of p-ii|uii|li*ik H«h mdihod*. afan dnJiKnsk mcrilnr ■fir 

Ii iimiii-.-m-Hi i"'il nnl Irf 1 1 .- e "iiv ■ -f Hi k n»Miilur w ilh nni'lkiir i i-it mulcTTi Imii ii". I ' 
rcpj^mtliMi Im-iIi. prdad nuuum, » din Nudltuf Riviilddr* L'ammuiiMi i NKL'J. 

ViIh: 3'v joiI LviihiilljliiHi mil Jim*-* - i i :ii n illi rE^minlriiiEicir ilv: m: Urw i:i.~..|ii. 

■1^>li» nation piiu-i-r' * Lonjj u ipcnctMe m. .c. ml infeM-iAwn: ,"vihnl> jnd suniinr* id ihv 
tloiipiofllv Inilimto'* itf**!' -jnd "'ipw* t* (hr inlnfiKr tai* co> prJ md wkr p 1 * 
mnntas. 

■ Cl id 'Liiktr (Ifrl u[rM\ tliLuli', ; nepfnUUdllkdi mill- piL-MEir-jIliifo. Ill-* NliEC Mim-I 

hdiiicv C'ZtnmilLpt H WICl jmJ tte Wcilrni ^110. arvl Ihr Jn^iaiivr rocvUvd MIC 

trnJiiiixTbL^C 

CofndiiHtkm k1w«n ijhIc'kjwJ nnrtdl<TW*mi cnlii'v* Iwlps p^uw Ibil 

■ In . ill'-iln ekUitm III.- nerd In iiuiiiUlli vttulc h;,:JA:ni iSfUtUian jml mulik rflliitelll 
mirkdi rs-.'rwirfi. 

Firra. ftspcrl 

Fbi> hi.il ii-miC-f I'lii ■■ I:-!'.- u 1 1 1 1 : - I I Pr: y rjiYi [if 1 In I". mi* I h.-iiL-.-i ■ RrfajMIhy 

liiinmivd 'ummBfiiKf t&u « etj|i KhkvtmmLnjrLJw SnouiivE-lu djle— irrzludirfl Lie 1 - cl'.ipn-Fjiii 

ill niflliiKb. fir Kv'IIlt i*>L-nen ' IIli ii'li il'ilih -nT 111. 1 Knrfh AinnrkEjn ."i.l .ipplhEilini -nf |fmr 
iruilno- m if jl niLkiii. uid &tdk$<iiau uf op«f limp «mI> ice iirce i" nn ruai-timd iincrra, 

DpnntHni in ilv *pn IV npni nlw cnillinc* iwiimnvnstilinw* *r rdlnw-pn IVrv II 

UiJeE. 

Vitan TV nport provide* ■ lynthisin or I Ik iromrpli^Hmcnh and »aloM of 11 k Inili alive'* 

rjIiilE.nl I'li j>l* I jjkda pndr I* In fluvrll. 

^□rwand vimn-ng Molding of ttiu Tr.insmiKfkion Fruqrart 

rt niL'ininj naiduc kd I A’.niiKi 3-4, diin-i m rid" LXlouu n^mbldd pri'nipil Iuinkis ul din 
Erpnimi'-iiiir. FVnjrjm In i^m niprnl pnipn-Vk iiFthv |ni|i»l-kv imj In nfivrl llv-fiinaVZiit" 
I4IUK IMdKli. ‘IV it»luh» ifctMAi III ncponiltj; piylKI iMUM IlKiludZd fir nlliilHii- MM[r*Ulli 
nf ihc AKR PRA and (he moJididpkiy and early resiilis of ihc l.jrKm Inwronsfiijclipn fRA. 

SdaauHU fiKiued a plmmn.i: FTuuj II ulhuu Inoluded ruund-ulik dlHuulou usd. bnaitta 
pnit 1 nKviipp. TVk inii'nin nrnA»i! ;i Sn* oCI*y ik cwnplieknunipi; m 1 * 111 * 0 ’ lendn 
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i-T iTJLUTr' IL\a.\‘ik - l 

jrinpiircd liM nnAid *> H«iw: II — fn.tn hn;hrJ:r-''' n i! ?u.l ^■nufap s pcnpai ine< 

ImiU llul | i M : i . ■ [■ : r — I rn 1 1 kv I udi r P 1 1 1’-J. II nilii^ild^ lihlli.iwl^p 

■ AniMi-liiK- . nii.iniviho iiiL.' lm\ | iivuniiii ami m -.-"-lin-c- riili miHiiliir 
w TiihiiKinH-rax L-. Ihi; I'M ,1 in, ll-i'il.ik.jv 

* CntijiKon^-its to R$ HD i-mJ Tm. l>.i n i p 

* Pr.nJw.l 3 in^rptm uf 'JEHC actmlMi Id anhsiKi: ■m.i.'TTTfikinjI pxndr:iiinn 

* TreftnHusks. ftrtsphrp'fcc trfmNiinc ini'Tmjlmn "iih niKlear plwii-- 


Phasa ll 

Plcihr II iil'llu 1 Tniumivtkn Ftiiip'sn will I U-L 1 X-. 1 1 1 1 ■: L h ■' 1 1 1 p ii I iT I h L 1 1 1 '-I I -:m I m-j > 1 1 1 vl 1 1 1 1 1 i 1 1 : 1 ! I 

IhAJufs t •; cijm i- pwik ipjni' ■■ ill Kuhn- C* IiiiIliy. ii<j t‘.hLiii:- ii nm «rp|Mh pr.'DOm! »r 

Ytax II: 

J HimIulviI frii|ui ru-h jnd wmrah nT mil jgfi-A ■. i:i :ip7- i-aJ 9 hi ill ml- A .•^-•:ih‘lilii-*. ftr nn-linr 

real-ilme kuefunem of [toto-niial ^nJ flihkts 

■* inwMKdaftradBy Ikiakiliu - »il«li- hy vioh ilua enable a taiw iHknidulIng af 
IrjikulTs iniioivHlin vuirnB opcnlmi; strategies. 

■ iriiproLpd grid Fillahllrl) planning dumigji hlinrpiihlindf an input Jzju far I'K \ enfllyMi 

JII'I Uf w RH A lt#lyr?s (Vr Trv-J-run inrrjH Mnd iJfHT3l>n|$ [ttihvAitv- 

« InmawdpHM ruHdblllhr lift RSIWl .iml Tag ^mr cuhHuvmcnli iM pr^idrtJ.virntv 
i-thirdifUKf « jiklhkHHl djiuoii Iment^Mial power flaws aal new I lui arts lar mitre 
.'UMin j ■ i n La iron n to i nn w Ida limbaaiiun KhtdiilinE 

■* Impnn-ad InHrrrplanal [oanMiiltun through anil jjis nl hiih-raiJ dau «i an inuairc^iniul 
I' i‘-i‘ mil idaentvn^'nliirhERt' iKlmli«3 

EnMwctdi pM nIUbllliy and mrim plant wfctv via nml-hmi: 4 vdirnpt-' .ii riiL - 

betW«H I- i s! .i-J ||L||I i ill iiilT-.i:, 

11lL- |! 1 Lap||KlJ 1 1 III j L'*. I • iiH P I LI h - 3 1 LLfU Mini hS llit HL firfllLT .kw-lllvil Ik'llI" I l|v|i ,JL‘ I -Hi: E- 

ii. 
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mmhfl gvmri 


T*t*n-J- Phi>4 II Propel TpM°f 


D«l v-aiahk 

□fllivirv Dili 

M il LB 

LH.fw PftvniJ -J-Il OfcM'lJvjl 

UlBU r P''^ir,>T. 

SM4 

: mmjfirfi irqffpw 

Un-tax ■'■:L-.i ! ji.>:l'.jLiLll; 
MjH" :^M! hvj'jir 

Sflfltt 

nirci-a in>irili~f^ig :4 

ipiyikl-' 

:{->■■] Imi i/w* >v^o< 

-r-r.-Lw-r*. 

rHAI'^o^uni Manui^U 

JfX\-2VOi. 

bifKcca zzi^j-jabz-ri nHU-;tiiiFil 

I HI] ijllwr YWBilr II iuu-jIi 
IWJ 1H II B*^**"^ FWWKf 
| frdwfstW) 

I'hA ^ihUini 

2"j l-ME 

. _<^UI» V ■■ IWi djM 

■imc-Jowflr 

PBA Lin Craqi 

MOi-xtn 

:;-HH lUKTA M - Ml art- 1 
=3n|.*n ircUtfii-K-hTi; 

; W'lKInrt 

erco 1 n 


■3HSKW1 ri#-lT5 tr-ZHflh 
; *kti arj ii .iTH n-zaz-r>:- il 
_ _ i i h 1 ccralrbci si 

Tfp Pipnp Pnoguri. 'JtftfrF, f.p 

! SBOI-iSH H 

K»C*J*>1 'jl 

rmucl«ii llwn>;h rrtimwl 
: &|M V|- z4 rfciniJ uri hti: 
a lJ li r u>jjJ iFial-^ui 

T »£| C'.rT(l &515 Amtylta 

KOH-BW 

Eirtif Tr.jr^n^ji 

S«)inf.iKrA |DTta| k tnt-jr 

iztiIj:: |±irnr{| 

PBnurt] jntf OponAtf 

5(-jrrtjni 

2W1-2HH 

fWU01 fPO^fl 
►riViTTYfy il lisla G0flK&>i -?r«1 

1 "pLiM jp mfc-Jti 

SwlhI m ClM 

3Wl-£MG 

b i arcw* 9Di ■- idu In i n Aria 
b B flap»} 

M'RC: Mtiwwn 

2001-2202 

i P -■- m irifl Irani m f rtjm ma-z.il 

■ mra aiLHi 

T#0 iVjyOfll Lifh 

am-aws 

rj i.i (J' ji.j — r> 

. lutur [J-Vf? 
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■1 rr.ii ' 1 v umurv 


Prapos-c-if tfnqpccis irr Ftt asc JD 


On-lhe CdrtHSe^tirartrJ PiCfeSOliS« Rsfflbilty 

■ Ptl^kJl iim-I OiiLT'irlmn l M.Ji'tiri Iftl'll hiitiium. lilt KIM W ill k: I m p'i£ mODIMl on- 
line r cinJ n[[CiH?' ininiii [rniprmi 

■ PkstfeuhiHrcIi r Itrliuliiliev Mimidiir |FRMd- A PH M will k.' &Li;lqpapJ dial nsnihiik-v on-line 
vursiuns of him jnd PKJ to pron i dt rvJl lime I'robitiiiisua Hvlial’ilii) I i ■ > I ■ - ■- - 

V-uIul-: I' . 1 1 1 1 j I u-nU linlim w ill lx.- rnJiKLil a> m iihull CiT |Ik fur", iili-liiic-. lojl-liiih: 

capiil'iki.iu; leiuidod In jyiloto yptrainu. inch id op ihc ihilii j- to cceidiKl holier asstvamems 

.if irilicd tsinl ngphrira :nkl iL-Iltiiiiik: Ik: k:-ii on-a- ec iirmli:*-. In sJililiiiii, Uil- PHM wii 

help ofitfaiuri uniorsiai J ihc irada Al ls involved in operaiirif iht-ir irarwniriiun -.>sitnif 

inlrf .1 v.ii el y I ■■' o.r ■ 1 : 1 ii'ii-i — IliiEi :ill:in in o esraip: nies. In iLvelnp new kninc -- 

pneuccs acid pcuduen tail wed m iho don^niluod mee koi. 

PRrt EnhaioenKnli; arc rnak-nurlaecr 

■ I"' I L l Ikrnarj m. V l ■ s -mi 1. 1 iMkinL'.'iimil'. Ip ' PM A win w" I n; w j ] I ipclm " ■ ecmilivily 
jn j|> si-: ■ >'04ii.£v d.nj. cinv- Jl-th cm vl ii.MnLi'i! pvced'irvs. dc<'i;lii.CMi id' mn-c mi 
mills,, uni ckhix iL'.iliin'v 

* PttA fauldCfiac*. PK A L' ii lie 1 1 : -I y, ill Ik i L s ■: I i i I no: I uieljaJiiig :*J:cilviii hi: Ikiw dm: 

jiuljsis h calculated and the kind of data 'rceded. Alsn. a numerkii index nil ho dev eloped 

liir :i rt'IjiLier In el isfrrl-:ihilil¥ 

■ PrtiC t ■■Lih-lliL-ui. \ lly: i Lull Lip w ill I"-: :s Ijli-I i:ij Vi I :J|LJ . I no 1 1 1 r-1 Lj! I ee-Mi|ui*': 

imhiom Mili'ina ipptnichos. and pnwe •. w of 

e 1 1 1 u l- : Impravemem: to die PKA mil mcreaio ihu eenpam's- accuracy and zpfilieflMity, 

p-ov vV :kLII| ■ -II gl 'iili-e— .ilisi- lc |il iiiiwi-. and pom n I ■ - : i yni|l>TT¥i nil- -iHlsiL^je 1 1 1 r mi .1 

pUruuip. Tojcdwe, ehi±z rriia"Ti'mr Kill help planners Impcnme regard I end rdijhilliy. 
Enhanc errands, oil R£DD and 1a<gtiurrp 

■ Rslpll A erviim 1 . RjiDli wihwnie eifiineeiTviTl-i w ill iurlniL- ilr^diiy iil'ndiJilii'HiaJ iklHiry , 

ncaeuve reserves and RIM indoesX improved dinhiwv. and ea operator- fnendis user 
inkrfwA: 

■ ri^ hiiM|i pYSKrum Uk-hii . jl\mpsj: . i s mil in. i-nck w ill*.;'' c’-l nl inno 

iffcihl evsto iik-rliKi x,ihci:i.erK r c -chodi os.di-.pki mere Itoxihb'dollned h.fhlt 
slEi^-Eam-, jii:I hdfior nilL'jiinli 1 w ilh iOIiit .ipp caliiHin (e y., K IM .iik kSUI 1 1 Tltc I nc 

I lump v. ill j I > i ■ (v improo nl in amechne anilvsis of Ktiedulin^ dua. ni.tfv 1^ Lhinipoti 
in i rfivsn ikve icn In ci :«d llhrw wprfnpieil Ilf In; vrhn.lnirj u-ilh riw.-hasn.l ir|in|iikv 

Vilun IheMserftnira upfraih] mil provide wtumy cooednnwrv r-rier i.c=.iIt fur 

irJ'ini/ri' I" nl |ei f.innuiLL. :nd %IbJ-i I i ! - lie impnwillj llinr dliilih kivicn nkiLS.einn.CKri- 

mde [tower lliiu-r- end cnnqvuie the impiee ofcraisaciimi schedules. 


I- ID 



TiiOJS -tn'id Osla Ej L’liyrUTO liil«TiifljMj*ial CiHirdpifiliOii 

* Taj IhJtp Dila AM^lll. A iqufl w-ll duiumnll WiiviL Ml liithi:n_il Ity J_ili)iH jii.I 

n-nnimmirmlnwIinKTdlkfun an inwmuirnHl basis 

* I'lniHitaiinil c| pwrtli)n'i xiiiA«iK lint]* ill pn»'iik infnr"i:kr. iu M KC Ibrusrin 

i1<.^nniL' > l:i d.. i s hi Iim' | i I u i i i i i'i ri .id 1 1 |'u I :il M po |rf . ^ Ll i I l>r nvi nl PkA[. 

* SuflfhiPl rill £' I A ll Li in rui c L-jj h a if. So ll I i- liiiluli , l-. E.l'KI v, ill fmiiVnHi; ii-£ .-lT ihi i.ViffitUiiri 

Infiirmrnkn Mixtcl (C. IMJ fur inlerrecknal Lwrdrmlip-. 

- SIERC ArtMlk^ EPW will 'irTpiri M| : 9<C. Bslivilic^ nlrtvd to Ihr InbklivT. indudipi 

dv l-I.i ’hiil-iiI ill y Kv.il- I iiIIl- I i-f-jln^v llli.-Jvli Vm ISM. u |VW‘jr 111." dJiefcihv 3 ij: 4 £Wl u 

■nn^’r 10 ntminE s-LsikIjiiJ. and tbs Fitae-Dnsed StuJj real if 1 ST) 

VldUK I'upilhir. UIltvJ V, ill help Salve i3lllijJ I UWli , \ltUti IkiI-avUm il-.JivIii. 

crwiirihuiiy I" ihc imprnivmwm of n?ah irm r,.- uhilin of ifw huref Arm roan irid 

InKiniwd liiladaua a.ilh Pfarl: OpeiataPH 

■ I n ii-Wiri! IhitH I jnk. Hie- ftKDI} M. II £1: pi-.>i idni w JSSi lti liilfrliicr In r.idibiivir icjJ-liiiir 

■JiBiiiBliiii nilli mjclczr plants on pid reliability indkro oil plant iviil^lnki. !‘Hn<n&-lin< 

ri*k n-iMiilnr v« ill tm: : L - -.■hi j v 4 1 1 !: :i, iiir.-.iiiiriicd^ly rctiiIk .lila 1111 ri*> L bvd. iJ V IllLl^jr llll-iilh Ul 

nuLldjr plMb- sed rev ■:«> indka ill nueloir piaei risk lewis. 

\ aluci IlmL'hMiU '.'.itl -j-i- -i 1: ll:r i:|!.m.iIiipiliI wuirily e-film: li:r-Miir-Miin ;ji ki mir! llir 

ufficicHL sale uperalion «i»ui dir planEL 

Charting a tor Irpjvrwlng -Grid RelUblMy 

la ttUJLUfl u du R%if Uebtefy Hrfliufrifirv iMumve. t.l'H.I supports tHOud-huted eflun 
ibmckajl iIm rtwtrk power hxlutfo in impart tr'o-vfk'n iird FrfHhilfty itflki Nnp- 
AiWjiivjii fksUnrf m id Hi HIl--.Ii rJ I l.y Teuhrkkagy K'-.idmip Iuv l-ilvii diicfLMi and MfUCUlK In 
ihrae ellr.flv One ppn»i of I h La f-Htl-ipoiwtudcpIlibiinTKiLL' jrojnm (us « sizJbli Jitd D«ils 

:nl iv-iyucli -jTMEriiin- iLvi^Ttxl I--- lhhiiv S'-i: iiuiLvihnl rt-li ilulil^ mil -jai i> iin- k-j|ui-:lL- ill 'I -i- 
PVnh knirl'i.jl |V.m L-i ki Id 

SnllM (-:.-] - iiii :j-iI j lialf, [l- kHlihc lb.- ^icili .ir.h.-nbli\. in III.- kiuilm i|: i-]:rv 4 niliJ n l-\ fnan 
ihroti^boui live pow er irvlusin. hive prvpr^d neocHnniendiiions far fimre v-ork a prd 
"pcrjli'in--! plmninj:, l>w mnrTpnmdMHvvi. miuinNied asms- Ihf Wl epwhvm «r inAHfo' 

1 1 1 IL-E rr-J . Thi:y we« prbpee;eii 111 rvwei>l(iL Ihjl j: : liiiI-Il’J l w iJu CftKi-fieelkHl of iikkivliv 

nEpre-^m-3li-.L--BiimL;ni:r{0r rnmpjnkj. hTUsan^indepenikim rjTlHni opmlnis (ISOsk. 

eimLilmieiil jli:iil:li i lt-liiil-!- MiLlilulLV. .. id li:kk: •.*, L-yiiii-L£Krj'- Mcdnlph mil Iii.l-.-_I Lhe 

felkmibv i.l'bl -vMiM>rM worh*i!|«»: 

* [PR i-ltpdr fcenv groups Ik'lrl tr Adinii im June 1 , I WS and m San Pkpo un I dhpiar^ J. JUJU 


* The Summer 2 WO OknmKPit SlrjiviiL' ^ivlv-.ip -.1:1 m Adlemlp un A pul 1 1 . 2WK) 



an nrm-DU wnikihep held in Hniyotb. m u ■. j.^iL ^r. an utiL^Kf i3, ami 


■ I'll t'onmd running M mi^ of ihe tawa ikinery Jiueuiis t held in Nut 'Mrleins nn 
LXvonhcr 5 - 6 . 2000 

* Mv-drnt'i cif Ibf 5 l(V*in|i(« ill^-nrilK Puii-vr rXilivfrv Sr.-tLilivr 

In ]ddnK 4 L.o numeral ihe*c r taommen dm ons tare im>:novil 4 ivd mi several rapons. indudiny 

Cu ih-’s /W iVn n ri .4 ru?ni -in i {Tru/ lJy»*Ti 1 1 1 1 lu muf f . 1 iWS- PjyjS ii *" *.».l Itl u- 

JTrii . Um t v 1 %^ ri’li 1 .kwi'A rirVr filftftPttJ .■i'HLtl U* iilffiC. uld .-4|S^ I iViur iii i I .V 
fll cHaMs? w i 1 Part <>f rlw AEP Sjitrvj. 

IlieTHLUriiMhilHLllmr, iJ.'iur jii jinn uf'LlCliCL They Seek U> Improve pud idiiliililt jjnl :-.iikLl 

efficiency tn. imp'-i pfiinninp and upcrali-'ns end*. as (rail as tkvelnpiiy. iJvinrod 

veil lu.il-, 11 k: luiiimrLiil^knK -iIiIilviK lliL' wilier aiLvi 1 1 r.j le . m I lu ! I . r 1 1 r " T : u 1 1 i i :■:■ in'- 

1 1 1 1 1 1 ri.e L'> improve inutraciiiins and mtornuiiiin vvihjiiu: NiuiKn n-^iorK. I hey also itoppesi 

nurihej* jml inds tee chia jlwiiltnfcjli™ |« fhuflivioKj-anilxwurti-prihp 

r-l n. lv,'.-i L. I'.iiOdllliMl, J rrtmbef 1ST ' M«»l lt!h 1 (C Kl I i ei.l£ild I-:;.' hiiI jihi.h ' L p : I ■■ | ■ j ■ ■-. 

elTwisIn TL^uiloHryand insiiiuiinrul ttYnrt* iha could improve rrurkLTCfKnimn; 

SclIui I - 1 : IL' .■■ 1 | v. ■ I Ii .| . null lLi-h: ltoizh 1 n-VUM mliiiLj limii r L'" L : 1 ill ' pi k 9 [Jili-i: ;| L j |i_j L - 

been [TOpceed iii rrceni mnuhi. Table l-itele* Molly liinscifilir ■raiojwrHi'rd' ihese 
Tn.v.1— jneribl nil jii:I :dim*h Huh* llh'hr ltiIi viinei ikL/i'vi- rvlmaul p. : i I t .if lit: f e: I r i 1 h 
Tectaafapy Kindmip. Ihe reconiinttidaudni me pcemml here for eonsdaiciofl by mduaiy 
inrerv^is ant lu help In “vl an a pc net] for itiiwrt cmkrmir-. aiTivd al improv^H Ih." reliibilitj- p|" 
lie Ninth amu-iL"iii power uml 

labli 1 -S fauanirnanidiLiuni Im tnpievpu I lx h^l.ip-ily nl blliL u>:v Dl Mil North 
hjiirKM PaxirGrid 



CiUK b* Cii^B.clir T«ctviEjE4p PiiariTi.'ir R^Uvjra ia Gris Riiita liPi' jr«4 
Htahci 1 

n 1 r i'i Ti Trk r liJI 1 ■'■ 1 
L'alipaiHi 

Ikrd 

P., iaf.l i. 



Uull JiiVife 
bTtvpnlp 

Aid A-iJI- 

IrAirrulhari 

Nihwfc 

Eiiwui 

Nlir- 

n^kirul 

Gc-afctm- 

ik» 

BaUna 

i i jWk aid 

nftA 

K 

X 
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n 

X 

5#€LTiI> riUll 
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H 
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X 

rVnvuTp r-mi 



JC 
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tiiuri 
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SB 

SB 

Qua Ji r*ii lUiYi'Lrx - . wi Aid 
t.i-c iranf* 

JC 


JC 
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iMVi- k UK HUTV 



ti EiKwuhr T*o«ro*0*jr &***•>»* ft*>»riMi w &^l R»I!mMw ir'd 

BBclaKy 

nK(MwnMdMkfi 

hiViBrav- l^iuu Ivirmri f.iaiamu 

FaJUIU^i IrLh Jirlk 

Eialipwin 

Anil Cnrnrng Hi'Ktl hrhrpnlp 

Mir- hHc an# 


RiLahln CifUwJ^ CHeIaiev a~ri Ahil • 

■eh ivial F-TiH* 


WPlTr •/ 

littnfrtR 


■ rfafnalnr 

tan 


HBiwnri 


Cbi«vn’?a nrtci 

S 

-s- -r- 


X 1 X 

K JS 

ifuTwi flucurcii 

A A 

HH 


P jrj.ns.-L; ami Organizalich of This- Heport 


rhih I L" H " Vti 1 1 1 1 1 U I b Uhl _|JmL~i LlllUll* . ■ ! E i a Illlll .. 1 ' L' n IMldh T 1 UlkJ HIT !l f!'L' |'l .J (II . tl 

tiiluredirecu-inol'ilw iiiilitu> c- m I'Ihh IHstv I usury l’?K 



r^u™ Ropfiri Onjnninlion 


Rculkri 2 j-r.-i ill. •• ki.ki-m.--il . r- lli. knhMlivc, rn ii-winv. ill.: ripriinr-J:irii.VH iikJ i-lltK Mi il Ini 
ID & 'j-jMr.ljll'.lll III llu [nilllimu jlK hrvllj JuiCRlrmii 0 llfalKClite. dill KU[W. 
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S«lku3 IhiriiL-:' li ikiMi ihc lilt ki-i I.-- L ■ ■ n i fi I i b hi m>J n L-. in fOUM- 1, lUphlfiflf] [tfiUjl^ir-MifiMp ill 

'he I'kA nurhodulnpy. USAs of wjoioiiM'f die ^nnh Ajrenean end. lu.onEnr-T-Ermc'pcrariy 

iSih-Jk | U jnJ T:(f ll|rr^i|. inH pern i.-]jniiv cif dfun' f"' "llw mluflry |{n-njp' ind iraAj^lrv 
Altai. 

ihiuup’ i I do* rite ill. kt> iisks planned in Phase II, me udinpoi line E'linnueiiEV 
uoHripk mniiivriiv iwh. dilwwcnvnlf tn cnhpnn'mtnl) I" WMX1 <nil Ti* Di<"pi d*ln 

c mkI Iv-i'h I'.i iiiTci : l~j : i : h i kJ L-m> d muI mi m, .i m-J L'.-mI:- I 1 . h mm;i mwiI iHPI Ill'-j Ii-Ivi si: Nil; ijii.I liikS 
■ULkitT pljlili. 

Sswkb. 12 liplj n,vnmpviKtjliup< b? inApJry irprcKnlaliwi for iip|niviiq> ihv 

CL" Jiilily jii. I Lipt - :;." k- nl'lht' Null"- A m : ikui ["H m lt yiiii 

Appends Ade foes oc rnm-ins n-ed indhre-rcpfirt 


l-H 
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2 BACKGROUND 


lntrodmc4!<w 

SMCiM 2 KMM th± llislufj uid lULkih III II hU Hul li» Ilk* nfihlilhircM ufllW Hum. us IX-lnOih 
keliatnlny Inniil^T ll Afonlv? ik nmurtilincng end twnta m ihe elcnne po^r 'ndiim/ in 

Ik I ■ 1“ 1 1 1 h Ur.H'h. :iiv.vuli>.J Vi illi h: cimTLViier nl'i:ln:!nL^ily ■ ln-l i ■. leLlruiilLriin;, Er.:il Tviu; 
:h L.iimiLil iv-liit'iliL- uid hruuthL dkui ill. need fcr new tools jimI n>iil»J:-. I Ik v.-lI ' Ii 

jIhi pnn-Tdej a kief pnarvitTi pflhr I n f< ia I i> r . me . diiip hi oti relives.. scope. mil lirmliWc of 

ill'll cnf'U’JiiiiniK 

kislorifial PsrepstCke 


TliL'Nirlli i^iiii-'iuiii ulrL'inL: . r Ills n^luiln la: - \ i'i nj |i i- l-V .*! iic|fun il . ilviiiJ ill iiEi.i'^v 

delivery at'elecuic power eqil» Liisierners:. Hnwentr, in 'he I’Wiis. j> ik industry undent eni 
hiiKtinKnlil r<«ln<iMn»ii. i|< jhi|ii> i:. mnireain rvluhlr wrvkr has kvn ’severely ehallonzod 

hW$ 03 INf iPtn^f FlQvfS 

lint Liilprn lus ken iBiivpceicd pm-er iJewi. As locil nurteii hive- ken opciinl iiiM>dr 
cvnRvliliun. tk jvwcr wdiMtij ki u.-i-.-w-il jnniM infuwsw ilic s nlimv eif nm mv . hi 

Ml. |ta'>nn Inilhlnt. In Ik pjd Inin ikiii. Iijiiul1f.iI WiIuUC mi »waul NEilU' enflfclll 44M 

has increased hj !",ik nun 4 Wv. in IWT. m ih: I. ni'edSkli'*. une^im-aiLd 2 dUJU«|i elecineiiy 

lri-.-jL.-liimh M.rrr 'nil I ■ K'lm! in JKOfli Ikl Ini** yaywM I .? milliir, Swnr l:p||C mn|{y 
camfonlei new |mii h.i|uIl- c*. .r- iiiua^ iuiiulIkiI:- in jn hour its iky enii h: eianduu m a iij. 

In iJUniniL a no reunomj has drii m peak denim J uid enerpy misiimTeiaci |in™i' nlrc fir 

kjwnl ik*w bviijllj. pnijevlrd 

Al Mil- sard lime, ik pumh uf die el fir no power rntTsaaiJciure has shv* ed. henher pmuncKci 
■.-ipF.il} ■ ■ I . I ■ : ■ 1 1 - niir IriiumiiiHm Inn snldtiniK «rr kn-p i'|j up wi|h •i'm.ind Vrlliil- dtvlra: 
ktnJ pew '.-ii. SIS m Lhc Lkilk LupiL-ny wucspinded hv unly ;sp* Aki .i-ufif lony adeipui: 
rarteie pokier lo siippin line eoliajse has an* Sreum; i. pietd™ far ininnmi;sirrn and 
(kpibnlinn vngnv 


Ihyond ik vcliisbe ti new poner IVw. i, ehe pmer >>siia> her- iib» etpceicnoed an inorojFine 
dkmilTiiriransKtkii* Ttvnvn p«m it (hawrj. pmnwiL mil nni.'TTitBfc k-nv iddwi lijnifirTpJ 
jikJ •jji|'iil*JfjIkJ:Il* LnrAfMLn ill- Lu- III# |hihix del I Very feL Wfijpa Adi Ik sl*:Ji:ii‘i n K. mil 

desiijied lo' handle. The Idonh Aneiicui Inmirnmi in pnd. Ur.ilj enmnoud and mplae#hs :k 
I4?l'l«. w pn dniKIKd hivniirrivlin-vIHya: s itbuUiwI m:rl,ripln, i:. nrvl Ip mfHnJ lu Ik 

exphvdbc ;di'.m III m. I dil-ft [n |H-T:d* et. 1 1 1 Li ll c lt:i i i | 111 i i lt! i i i ll itVl y itrAuLlul my 


i-\ 
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Ihnnujl Miaihk n-iJenue nl Iht^' pr-nlkm! ta 'ken an merer™' m yrrwn uulici^ nni|jjuiy 

■ iliTlij, I ru I cl n^AJjliL^, jjilI |rn.v spiles Pimer :liiliiHiiiim lihr vliuplv I^ul\:ii I'HJli jml 

ifUH, >h"rh ulijcf r»iru.inr.i!^ U-ei>l>iiiiift look fbret In I 'njv. several hi 4 l!l> |uitiSiciftnJ ortam 
oui.u*. -< c^urml m hen Yvrk and (. koiyn. and ptnver umiy™ airf Ynllaye decline* slniek ihe 
Tl™ Fnylmd. Mtf-Atlfnliv.ani . Fkmlh Gcnlral 'Wh 1 ' 


DO£ POST B+part 

TbHbfaecc *e feme of ns liibitay hi a fcdcul lei eI. the IkptimiiL' \i - hiiL-rpy (LXJb.) in liki 
i<hw -riipjlii i . i (.■-.■ 1 1 1 r j K-jm rspcrl' In 'j™d> Ik pun it diflipkniv? 1 kl had «crvnvd d'lr^i 

:‘iC iLeuiiily iil'U ice _mcjr 11 k Iluiii — li-c P. 1 1 ■ lt 1 )u I ; I lV -,!ii„i. Trjhi, n Pi Xl I LJ 1 1 1 c-.--. j 1 1 -.'I 

«\.per.- Irani LX it., tv Hniiirul lefajminnee, .ind die juKiiin. totnmunny, 1 he 1 1 1 U-. vv.iiiiiii.il 
sis power uuliyirs md Iwo puwer dijlurkirn-c* I hit lauk place in ^ nouns parts ef dhe cmmeir 

■ ■.'.Civil .■:■■!> Inn: .mlv'ari'. Iimm: 1 1 'r 1 liilm - i:imi n ax i^hi|:i'imI Ihnn^jh ij|£ y 

uteri I ly,:- Vi i:h :,>ilLdi is|in ui>J jluhlk WpebAOfK. 

In Marsh JflKKi, the POST learn i;n»da Pnnl wpun emid w ftj*iin ejT rtc V.J XhYwnufi! *<f 

jYn i -,-irv Y i Y. r i*."i '. r l.iiiliji'i . ,: l'yyi l i T'l 'i i L'r Fmdm ly: i.Wir 1 i*iY:nn.'.Ti |\Y'|| 1 ||I III'L 1 .V . 1 ITiLkvm I' m Jiu I'. 1 .! lie 

.u-jvti jfe JibMuwL ^ dlW. I he repra pnn i iled in eualjM* edihc l'^ ev hus end iceunimended 
mi'll) ihji ihr fnlmdsuwi— enuTratt luk inklpyvuidfiinirT'uulitfji.'taTid dhlurkcnct).. rk 

Vihii LYY i L' I mj lyL 1 1 i liY r lu ill kiccH I L'H 1 1 ayc-'T ' I l-n 1 1 1 I ir-J nS. || u | llir iiu:cmiV]i i|uiliil| praLljcc^ 

te^ulicory peddles* end leelfiiilupkul timI> Coe dealing wHJi the |r»iniLiiiriig iltifiwY ire ikx 
jrt in place to assure m aoctiDiahk Ir^cl of rvliihilnj-." Thi nepml lirlhcr notad "The 
- ..-ll-Iii;-- ■-■iLof ivlilHIily in*::ip imni| rvllifw. Iimk, lEvhniluyirs mil <gm:i|iiif pucveilmv 
r.i, Lpyid lxihind eerinemii: relanna iii i he deetrle Industry. . The mci.ill rflbei lit- hcvn idm 
the infrasimcnnic iWrelijr'ihi;,' Jiiurrree his ken Loosidenhl^ eroded 


HcLianmcnilLlmMis :il rl:. ?L|S 1 rcji.-rl IikIiiiL'iI IIk ri-l ccrvinj 


■ Preeiuiluai nf mirL-.-l-e.i-r.-il III unurr leHiuhlf rt-rlrie i-j.'n. iiv' 

■« Rrmiwil uf kprim iJidrikkiJ f Peru' nrtinnv) 


* Suppel fbr neirrtiluij rvlihNIxi' siuknnl) for klk pem it jwtems 

Ephjfwtd emerge ik> pieisiiainiif wliv iktj fur itvw-r-nVw lily. Hi-'h'ocnwqikmw n t~ J ■■ 

■ in hnlk-pnv.Lr i.nlnr\ 


■ Iml - c:i . .! Tnd'ril inve'IrricTlIi in .'Lvli i. nliiJ- i!y Hi f 


■ ( iimp-Hn—ji v Mnv.^mnil' nf cL-i,lriv pinsen iilii. r.ihlllliL-, 


In SOIIU, ilwwdis w eastern ft luhiln> Mnnniied. In Mjy. an wiMpntied lied ciu^hi many 
eun^einicj e^uipnimi util of KP- ke fur suheduled uuiiuxnjno.'. CHUiiny ■™i funsein*:) In 
iyIiill - UYlupih uideUrt^ll herviee U> iiilienifl'Ne LiDilninrni In Juur, Ihe i iililiH u i iiukiu.inJnil 


!-2 
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Hfcm C l[KraJnr llSl‘l| ii a- liinKil lav inilu lr palling hla1L.11.jv atTii-.-. |Ik San I nun ikii: lluy 

otel ziul mirv [ricNled ip jftBftnPHdPiJtNiiiELil' nwnfulsarinljitillLin &mDKp& Law m 

llie-;,-^ji'. L'lJll.Tiitj n li dli e.fji id ntfiaMl iJIizUiiiii nkl Ihe «U£ r 5 , jkrp-rt rncrtCa. Call 

IkIiiu. | 5 H nfltv kind in I|k ijTlpii |p ix’^kwik. iHw Oilifurnip ISn rwiad an vrgnrvdptlfd 
sst ws of <rrur)jfiuy vtjfK J iltni iiiMh ainmiJI> ACirriii! only dunrtf raincnw ■LUinrvwr 

| : . . K I . ■. i.r. and : rallied an. Min a 1 'laLl.injK in '■■. -r i I 1 1 ( uliHimia. 

C.PRI |>ov<cr C ’.■livery Reliability Initiative' 

Ic-aJdrra ihc iia',-. n> dultengeed'HdfimstrtgdlocLnchyrcIliblllly.m Ijil- m. IN: I 
lujuchcilaminifnhi nilialnc llirhcn DctivCTj h.. lr. Ihiialiis : ■ :i mnlii-vzar. aJiliLn- 

fcnded ptvvrwn m unA^laiKl thr nont uuk; atm**! pswtr uurap?t idkmily undvHv-ini 
iiniM-jiir- in iialiT!, i;,:4iziii, jrilrra.iiamtinJ ways in Inf m'fr i ; im re I is hi I it y. 

5 cqjx snd Slav's- 

Knm LilLkafluiil Ltu- BtJllKifr± ijfi twtulf flTtfW diajli'ii- [In raff ilduary did li I Ik WfkB or 
lti lt i ■ Eiin^Biip, tiKRC . and IF.FF. Firiv-Kioi Narih ^aiiTKBi ciKT|j^ nni|ianki aiu 

provone ImiJinti for the Ini li Bn p. fllw jinrl ini puli ne art nsniwiilali'ttj frwn III inddllmr 

li-iilz tM ziinixjlHvfk. 11 k TlajiPiinibhnsi Ptu^i:.rii Hit |Ik Im.Lilr.v: ! . r- 37 Mil-miIkii- I Tilde 2 - 1 .1 

TMlIa 1-1 f*nr*jy* pl dip TmimIh-pI' Pvr.jrjip. pi dip Pvt.rr tXHwy Hfilphldly 
IlMtdv* 


•ij’i E'lffar esnxnHMp 

tfcilsEwty 

hie^ y*ij Rows- 1 

AmoLtn S^vcm Oa, 

Eira*® Carnyjujp 

Nopppaii muses 

(.'.1 Swine Pwpr ?/■■>!(■ 

0*ip 

F>^ (la Rw*r 4 L-tft Ca 

i+^tham Sam fo-*< Cd 

Elects Grot-nidus 

Got 

IJiMlFhff EnS'jy 

OGEE EWnpSaiv-tw 

PjilrTiy? '>JJ A ^LfCkai; Zr, 

i^ro+PwGn 

"n-.a-f, Pl.hAz Fv..'.,-r 

rnniYia If Piwr 

Ka’M5 CVI, F VzHfllf A 1 rjh- a 

Pm;Uk: 5 ™ C 3 (I Co M»i 

P.lnarn 

rxrJipJ A !'n_h '/Uml Cm 71 

L MNVP 

Rhf Prfii«c: 

Cj h(i Fubfcc !niPikvi Sian ^--Ir-ti r- 

L zdxj i P-Lirrl F'itaw i fricrry 

i I F«-ri' 1 h "^i 

C:nn-mwaulh tEfeim Co 
lUnmi: 

KViAnw rm tnrgp Co 

^Avllwn ::ril:4iTM tdasn Co. 

iJcrurKialiKj biiajxi Cd =4 4 m 
Y ork 

UdMrifl IrmhiarthN Spikr- 
>Ji|Ai-'k4:i 

^idhn Liuicuip 

K£. 

MiliinftH Piiipz him LFil zl 

• mrariMH V'ulbp AuliL-ir.Y 
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Jbvi bjgrufc&J 


DTE Eii ti 'j y 

NwrErytand i 2 D 

MU EIkmK 





W lull- I -i,* 1 1 1 1 1 1 : i ! i i - I ■ h 1 1 1 1 1 1 1 : in : i llt-Timrli : : 1 1 i n i T ill.' r invril rJia v'H.Vi liKim* |Ik - 

indnary, n it iiHenfcd id It more dmn u ranKptcm'i revltw of ciera. Iniend iht Iniuaim? is 
dcsipiMd in pmvid! snlwms 10 lodai -■ L , i>i:rf nt£ problem?; .ind w» Jvlitvr ihm rusulis rapidly 
I'lir llw ’Jiiir Krm. IV Inilnili V ; iijinl- fii.--. :n»,\ ili-L.-hip-. i.'. K Ills* mnimjfc Ihu n*k *T 

iilLilv:' -i i il ili'hiilxilLci, : n 1 1 1 1 1 1 L : ' .■ rclinlnliiy. In llii Iiin^ In m lit liiilxS|l"i EOdypEA l-i n irh-l I L 
jl:h':c- and nr. ouunu kCuirsd la £uidc Krtunilngy di- d la pram fur :h!imi.l<: ^siam 
mliibibry. 

Etectrictty Tmehaoto^y ft bo dm jp 

In ill- ni.'pr and giHfts. Ihx IWrr Mi' try P.di;-iHilY Inilisliw hu jrrvtiJ v-. a tnud 

1 1 1 1 1 1 l-n ■ 1 L-T-l Lm 1 1 1 1 M ^rrijctn mT O'ixal ItLv m iru:r| 1 1 i- iiullincd ill I l"n PiliidtiiLily III 1 1 IKI S.vr> RiiidniKp 

Imlunivt ui i! ri.tn.-H n 41 I^PkUiporared iullabofiijic dxpbuuian nc’lhe tfiponmaits md ihrcu> 
rardlrclrkily-bascd innon-minn omt [ht ncal '5 years -and hjyend. In ihr punier Jrlh'dry arm. -a 
IW Nummary :ind’willii>KiTpir!^r Ihr 1 |- P|tl rrpuri Cl-l t 2 (TT-V|) d [writes key 

In-Jrjslimit:-. Ill i. diiukl n'Y'ini; ilIi J:iI:U llliVr_ali 1 1 hr Lni'lv pu- 1 i'll' [hi 21 H dtfliUfy uilj 
iil.nlirin. -.rdiilL; L.ip-, jIIl’. Iiiil :li-nr':'.v;li'|'i;i.iil .ml .klpliiymeni 

IX'^crihh'i fur thy jKvwir pid-pf Ihr fulum. (hr K^dnwptn' ijiunsrisjl hiftn 

itl I II, III— i_-i|ulillil h " ell r.'. i kl “ld‘1 adilikL j iiinlEixl. diujkilly -Liii’iliNXd Incrcef" v*. -.si uniil. 

move Ur$c Jinaurciaf pc-wer ptiwltsly and rduhly dunigliiiui K»nh Amcrin, ■■ ImIl- ' .irudinL 
in Expnrunliblly Kio^inp rumlwfif L\^rinun'ul innsixninneJ' X crilieil knnukKj^: .pip chal iIl 
|[ li lilmip iilpir 1.\ ftr (ii'iiri-.j I hi' »fiw<tll n'li:|hili|y and fUnjinil Pip.a "_V "t'(k Knrlh 
Arhuitsin L" ill i* ‘’power flaw UHlrnl i I'l l! i'i hi pine. l-mK, 111. !i ill 111 1 1 -v -el 'A.i!-.' . in I'.'e j K 1 . 
riimmiiriFjitF.ih-iyiiiMii:^ aid iiiit- 1 jrji.j---ii wait mmagluHi n, :ii,.jl-.-.lm: Iuiilejchia. " 

!■> KhiriT a euntintnlil drcfrkilj mirkei. Mi; ptm-y-r ddnirry mpckjldof 111 l AliWtA'kYi nnlcs direr 
1 ■ .* _ 1 1 r.r ik”i i’ ■i'miii'I I-S'.-HF-Im. 'J ,!.:■■ :r:ily'i' ‘tcdhimliipy '^Ih-Iiik 1 mill" irr limh n. ,1 . T 1 1 j 1 1 1 i ' 

dtspiichert in tihidiili whnleiile ptmer idiibtlms nn a tiinilnoiial wdaik, Imii -by-l Sistli 

i-DC'h: mH tw cnEkd fiir dnhonrinpriliihiliLy. pn mining if en m c«s , Irani I'mira k-w price 
declrkiiy uvtr lmp.di9lmo»<. and ivdiicinp opuraciiw «sw b>- hilli'ini *f didlm -jnmijlly.* 1 

T>airsrmj5for? airrf Diain&u(im Pragrarns 

Thd P-nii LT ITtlivcTy Hcliidinlily 1 1 1 i 1 1 : 1 1 1 *■ v 'll ini In Imnu llii' ' i'imi ^1 re.ilily hy L5hihliiJiiii|j lull- 
wp.ii Ui, l-J „ l.:l. |im li nfi' — Lllr fnr II dl'lllllitliiri .nid .iii.'Mf.i Tin dltll il'..'.hi:e 

i.hi Ihrirumnirri'in liik. ihe bvnHU'Fc's Trawin«x.xi lYPjrun adTpIri - Ihi 1 fidli'u-’Xjilwii-praip 
■PTUMth; 

a A aulullilll' I Ihk JV-ITOJIlL-ll 


2 d 
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■ I 'jLliih'kv'- Jjpli.^niLr’i i'. mipruvc- sjfSKm r u - ■' i ■ ■ n 1 1 . . ruv. 

I he ri<k aiK! jm;ni Jimpd Ip iuii|iBfe«n rk asses* ^Incnbilipus of iho ki*nh ArTKixan 

yi kJ f.r III. 1 lmiL\ uaing ni/iih .k'wli’| a .'il jTiilulnli -li. Ii i a l- I In' It - . Ini- ■ 

■iTk" IiilIii ttxiipowK Incuse nn :vjk-jrijl rwar-iiirm a pc rani n$ ion Is |i*r OA*.ih:ihu ilk- ettUflii! 
rvluhiliii of ilu iFjnsmi-iskri und in ilr.' summer pf Jikk\ 

Tlli JrtftMliiL-'h 1 2z>li i l a i ilhir !'*: ■ jieii bti iml M muly/e Iki: nuiicill ;■ rnhldi'ft ■ . Mi'illOiil lit' Mk 

indusiry md Ip rKPrrniwndi *jjs to impron e mil Jhilnv llislrfculien ^mvin^ iw i rarirty of 
4i#nhnii:i-- :n— 1 .\ Inn.-*. . jnd igwRriin^ pnirlipr* ITiik i.liwrsilv lullni -:r i ililYi-rml 

ni^iintiH approuihOttnifetti un-J a iht TrairaaHun Prop nun, relying on iiiaKm> nl 
TtprMfmni™ dismkuiien rjalemk urine dewn- milk nuihod*. Applyirs ihii- ra« snick 

•ipir'U'.r i.- njrt: vail *1 i«-- Horn's. I : p*l k iTJrpu IT^ Mink’i': rh*iilK mlh iniljrJry 

*rfi«ys and diaa lira athtreamgan lei weneue Ae lira InAuuy-ulde “tea fifcnkti" 
t n ■ ' ^.‘ili'j ro -j kr dVJrihmir'Ti visiliiis. In pirjIlrt.ilF'hl hi dei'ekpinp i si'l-jik' i. ijaripijielV 
etk'h nf tfk' fli p ili'JrikJ . hi ipJ^m Ijpv- *«l '"ill pmnil -riirnpi.iniri In ■rvalinli- lk,ir pwrai 

*^>ll.'m . 1 ik 1 1 ILIL ll Uhli . 

'iVtipEwiih Inilinciw rciriieipjnis. liPfi I filafcJ'rdied lhrfolli7™inEC> l P-ptHirH'lwd0fe fur She 

Tnuurni'ikn :nl llir I Jr-inliiilniii PriipirnK 

■ Miim I spans propeL !.niu ■ in law Ivm llumudi April ItDl . 

■ IHii»l' I L wire hu as defined m jju jiKki will bepiTiin April 30UI antlbecnrrijpieiiid in ]J>1S 
hhvjIh. 


r-? 
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PART / PHASE I OF THE POWER DELIVERY 
RE LIABILITY INITIATIVE 
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3 PROOF OF CO N CEPT OF PROBABILISTIC 
RELIABILITY OR RISK ASSESSMENT (PR A) 


Introduction 

°lllL' fnxl M-Jlit-I LlHLff hrf PlubL' I .■! ill. .Ull'iL''h I'l U 1 1 1 1 1 1 b h 1 1 1 1 1 PirUIAIII In Jl'I.^I|E;i" i.' 1 l'. ■. ■ i J|| 

inyrovud Method Cor iwismissiMt »>sifln reliutniily. I he I'.'dim.i. ttninhilisiic 

kvlifjhs lily w Rijk. Asje»mciil (PRA.I — iiviibi (hs c^jdHlily fur dcfrnnininij Ihs probibililj 

it likcliliiHid uiilL^TiklL iiv^Til ;m llii 1 buiijm^imi ii^Lill hikI ii I IIJ UJI I nl iI\>l'il"iK 

I liii L,i:'.ihiliiy fcmKis j matter nl ki> hfiiL-liii. mdudipf uteri iliejimn of ihe moo cmiinl 
>'i'."i,ij| |>:ncTjlar • * aid Inilurm- and dii'jin nil it: -it'cV meet dlkmLie r* - ■ : i u j ■ > ■ n irrkti?-. 


I E i : . irL'Iiiniii'^.iiiiihiw I'll A wcrU.^iiilll mi iwJiiHii||jri in-vr Ireilil - n:.« Hi-rebjirrtCTil 

JUlliyt. Jl:li ll'L-- Mil' feJtt" a i- pr.yrillli I I'Ll I uldP.v I hi jlkl review i lte il.li . KilHi> 

Sjnsi'^jdK. lend iivb fuiKk'n.. 

H-eliim Sik ! .cit.k 4 knLC.\rm:rI cm lend Ml't. 1 ) - 1 i y I ! i 1 1 n I [V-l L rf Lll umn jIih ■. I L'l 1 1 1 1 : 1 1 1 1 1 1 L' . 

hir^nJplAiiniiii! jnd itu-niKit-.-. In ^rd rrfn'wdn?*. "rtkinblllty" la. ■ meaiuri: ibn ivk- > In the 
-irTK-: , vnM<iJii.irKlnii'-i rfa rj™m. In irrid ijperwiowj'. h ri jk" i s- n mr: Jirra tkal ivfm In Ifw 

- 1 1 1 1 -i i mr_- in-. inlinLY-Hni Offldilii.nl c-Tj l> t Icim. 1 'Iil' IkifiiT I Ji'ln.-.'r l Rl- Ii . 1 - i’l K Ir-iiiA-ir iijyJ:-'-. 
=L'Jmhlllt> Himiiim i» ihj- <nniy the airmra Xiutfa Aj^iuun lvh! in Mw plinnlmg sense. Hie 
imiinciLi! «h((i ij identity pclcmial critical cpmiitpercini. eialikiie ihe prnhibiiili« oftlwir 
Hhrerw rnifCKK md mOTTTrnend eFfrvtUi niiiijjU'.ii jJkmirii'Vj In Phj*r II ofrtv Inillilive 

fciAfcitjH III FHA will It O.lmiliiJ III I be luiJ-llliie kjhlmi M|hriuliiiL> jiuiu In -ikhdilp .1 

PrLMlillllNJjJ Kitk MdllliiUu Ey&KTTl. 

TrsOiMjliBE AESMiOTOTl VetlHMjE 


TiuiIiIiiiimI ilr 1 iniimii;-liL' ciirliiiai.Lrncy crfei u, u-.-.-il 111 U4111J111.I r j lilyiirihk ihi 

power ^usa^dii im racvniM'ilM u'u4l.iI pfnhihilmi-'Oilosimj thit liud ■» paiautil 

apcrungi security limil violumi. nw the m criiy nl such vioblidns {mm I'lpure J - 1 k 

1 1 iililiini . 1 1 1 - ly-iL.iii liinfil^ ii jiue^nlh^ iminLiliii^ J id rf LiiiLiiii.vn:i^ m illi.nl K'ujid ■ 

flje n.iiiL- iljI r'M’hjI'ilii ill. L'Hinip. ml. tj-, file relmivi likeUiiktd of wrnn rife ruin it 

cniKidk'n'd lately by mjjTfrnxiret Ihsc snjjln <pulajjye (k ■ I f rpn? irnffl; likely ihm Lkcjtdi.' oulztP'i; 
{N-JJ xnf III. I iiifciyeT-irrmiiiv lil^lj- llun line ur IrMlRrilW LKlI^p^ llicrcftiri' In 

liiYiai :h. ciimJngent> uidyiJi in i.ieiHHiebEeeiiiiiher.ELpiidlly bin^k imugec end tnfu I 

m nl dndble dr muhipk ihkj^h- ere u$cd. 
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y-iir.| ivk ijiriUyiiiViEilril .1 arUAi^i ,.i l.-J ivi^luAiMJ QWvil 



Fif|ui* i l iiL'SjimiffilK -CrTCll £diiliT|U!n.iiA diij Did FMd ■ * UfriHliBl* i'.jlL-» 

Til iimhIjI i.iihj:iii J-MdW r=. u rlp.riiiin | : i '.-I : ij- 1 1 1 1 ■_ li.niFitt'.^L nnTK IflpnMchA huHi: tool 

Mreite Carlo simuljlign. Iliiu-rnT. a verylwEe nunbcrof sampka ire meJiad Incnnfrtna 

d:i ii!u.. k '-r'inliiMiiI :l' .il'ilily ihJli fir a I.iiv i i: I I :-r I .''i Tyl r i n y filin'.-: Lit k I ■■till :. 1 h -u . 

uim.i; cm AC kxidllau miKlel.iou jnii- niiL-i.t-iiiWi.1 cii mill sul‘Kn.iiLmiii(ldm([ di-tails is 
ivaipiiHliuivillir infri'iNk rrHijy pn-wtr fjylrma i^-ith mnivi,Hrr MlJOM two jnu-n Iniiilliyr 

Il _ » B.-I-* L-Vf 10*1 IV I'l’tuiC Iht iiiinklnl. 

HOW EPHI'b- PF?A W>rHi 

Ail dli dhenfltlw-, FRA ill«fliHii,'-‘H'i.i ? llul|i, dL- iki-L-d In Ihd fiydleu |MIWf ildiHTiJ.^jnc ptdwn 
plfetlb r in wipdyr;r^. many kinijp of reliability p-nhlrms fi-..- ihr iniixjrlttr. nfmullipf* 
^jily^ r.mii|'l. i iv*. , .*.*n.* liPRC'i FRA iiil j . cil.'kuv k d p:u.di«.:il ii * Imd ijl|mlni:'h li:- 
leliaf- iy nsk jssessmem :M illgu> users no ' ikvt>.t jil lHc prebafrilny id an e- cm v.nhm 

-vjijll,.- ,.l?j,| limiiji-. -ip: 

i'SA Ji'mMiu-- d probaftai! no: miuiuD ol ihe likelihood ii| unodAirabld everra ■■ nh j m_..- ure r-l 

Ihr ■'iHihn|iK*iiri' id'i -i' lmcit)! slli.il i\ Ihr imp.nl) in|n :i \n[;lr mliJrH tyimb;. Mure vliiyily 
iidKd. ihe ■ Hiuhiln;, ndt 1. 1 r! 1 1 1> defined as be die aumodlicKi i r t pr . duLi ukcn ii (yuninut 

piobihiluy and impacl — summed ninr all mmuloud vnimkioy 

The* 


Ki"S|s ■ ^ 


I £ [Simnlilrd SiliHliimSf 


i 


Where, r. is ihe smuimn pnitas ey 

'■ llziLlifcl IMIll.l ill LUIllUll -I il I U I i 1 1 1 1 1 
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pm •nf" vfvi»nTf* mlWWfh w nri-nwi"^ ^’■nA* 


III *•:■ ikl : ’iL-Jfi uTKl equiUab, IS Ac pf-.+ ii’llll'r C'f 'J>.|'".:nLllL a!^ ttfi uTilif." (I*., 

th: pr^ahilily cif tiff r"I :ilinj rv : ml* — UHiliiiiprrui£« tih&i unulil trail Iii i<ii ilaJuirti nTn-pcr.ilinj 
asciuny limns ilui cause- iIk impaa). "Imjaci" Is mejnicd try sheeny, which includes 
. r* *:i i -ii- from lire li-llii>- in; 

> ^ccyptuhla ihernul laidiru. nf inrwniKhi' -me- ami Binjfnrmm 

* A TOffci hfe Kc» '■■pl I -*IV I L-ki; 1 1 

< VmIIji i hUhilliy 

■ Ltyvantc rijMry, in tome syHems- 

ln Che mn%l Manplihlic 1 ■■■nr. Ilir in ipeK: I iruy he- iiincumMl hy iSu: djclin-El nimhcr i:l*l’ii-rjH ■. -r liwi 

'.hoi experience talu^f xiolaiiQns ,T4w erlnad-- 

In j mom ireful jol i'.iju'iij.- lonn. u collie index. fcruxamplu. uan be dedmed .r- the 
- .mill ilnm nl III. piiHlo.'l L' pieduliilily aril IIk . i Hliim nf vxd.iiv Si' k - II n certain 1 

■■. iiiirr.'d over all ouii£t siluaiinrtt- and s.imn:d ewer dll Nsey w-Oi ykrtniraa-. Similur « cli.iiri: >.e 

rdice-i un h- ilcTm^ .■final iicmliiuU mllapc k I a 1 : 1 1 i I y . : I — 1 1 Jui.mil Ua diilily 

EWil'l CH-rt im:llKiiliili^yuMTflwiniuillwi:in:pn^iriir>.|w£ Fipri "'■■Jh. Thr Physic* I : ml 

< ■KMK’iir. 'lJiiim iPfaM i program b a -jsi ierenpenes- - irrulcivn pri^rem rtar s used w 

-.•rxnliJi: :i I iiai* mi "I'si otf cl n I i n iv: i n-. line fr.i ; n ini v.'.'ki --Mil.nlil-i c-tln.-e r in I iliiinx 

: ■ n i j I mcv1'|JiJs..i'J volL^br iKiel'ilii;- I he M.ipni from F^trd.cc^elheTwiihprohihillslic 

■J^if-i, .ne cnlcml infci ceuillKT miIIwjic sawnim — III.- Pmli ih.iie.i. Hclidhilih Imkx.i.l’R I 

premium ITn Pftl projaim rnc4ucc“- a ed'kdnhihly Indies odcwcrlMd aid cnllaar M'oiity 

Tnr vjruui nDUi nfa w idi-urj Inn. '11 k Kcliidailily linlhao, in Lui~. Ji iiiT+il In :i reh:r 

(ftrjhjK. I hir dtnahsH is then anreywci In cnirKl useful imvlwidris atom the causes oiT 

TH-Lnha.'. fjilu-f-. "nil j - . ■ i ” 1 n e :-.ee Lnn . 


IWliHbilEelk K 1 i = i ■ 1 1 1 1 j AixesHm-ni 





huuip±-2 EPftl a PfiA NvhmJuloij^ 


3-J- 
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iy gC-Tii^ibilh Lh ' . r i 1 L i.*l LVll ikT iHih iU4'iiAMJ i 


MiniPi! Phase lol ihtlnfliiinf.ren^pcstf^nltirKcinjmf ^cfL-mfektc-ihc HIM indite PKi 
pngnm Ohc anwrpanted fnhirtrcd upcnlinu rnmArvi in Ik POM rk't pn vhdin.--. 

ofrfiltal Iiiil -1 L'.- ii> n J i'_‘liL‘>.L' f», - JLk:iicvk> due In I Ik ifi'ul .n.i:ili;-u2:- iif i iillu/v ■. #.>‘:iliniri. u i il In 

vmulinc i.^iii.rji’i'ii rv Uispuch co bnucytLiMpads. I be impniiiumciii lu ih: I'M I rn>|SK" 
qnfted a In'cnm.hinJ k> wnarulx (w niyjrvu? pnih^hilii-^j of uiitaet r»rnti! and Ih p svmrity nf 
‘-■i.iii.li iiurr j -< kK :nml *■ n llWL- 


FRA RfrSUN* 

A rtiifr ujimihe PM mtfhnkpk®' ikvrihril «bu«r pi.-Mn.-n ihs fid Inn'll. Iwr (ypes rf 

M'rjmiflfn' 

E. «T Olf lull Ktli.ih. lily . Hv Pi l- - ^jlllllfl ateh op re uyt by Us pnMllbl ey. Mil 

PltA appemdi determines. a rTuliali*.' aeerjpi bibis iur omrpulpi ii^r r r indnm Itkk in a 
jiE.iiiiii'i.' |hi ii>.l Mil 1 1 1 H i nan I i 1 1 n 1 1 1 rv ik.-i llnri i . ■nil ■ 1 1 I :h J l - ! rrni i n r-." k i-.'j: ■. ■. i: ill , 

in mIih.Ii cnahcuniingurKy is ■•l-uI'IvJv^jjIK Juspii:. iIiiIl mu 0 ri>!Ohiliimoc':hi:ii 
occurrence. 

%»v»nMii( «r ibt Mm (Siil aP Ktfiifck U|Il-i uiiuii ihe safely nur^n ill die curruni sy*&m 

wnrcin* pt>inl tar- he measured fey ihc adililianal iwouni ««f sy^sm Inad iiKieaM cr pewer 

im:i\liT te 1 i'-r . 1 n .- 1 i : iv: : y l: : it - J r u n I ■■. :n L- -. 1 1 1 1 :i*-j.- 1 1 11 1 i K Li h 1 j. 1 1 1 u i; I n i^i 1 1 Ik: . :il. nliJr'.l 
:>J I l: mi I m I h 1 1 l . i 1 1 ullll IkJM l::Ull:- (IT [UUbDidlaUlllly ij:ill|J The I’k.V T*|h.o limy lh- 

pephahilisnccpnctpl is similar Ip ih: idc.ioi ,, I>>jiI cany mucapak a pcncniian 

'yd* m -u ilh n nival |'li:niiii: erkT™ (t K . I'm: d*e iifi-ilM llVJi. ip |m years i In i-lhl,T 
■uii'ii. irou-dureeru icli.i:- lily i di-\ Iifli; grid Li tell lt- lluii Ih; rcipmul minimum I;-.;- 
u-haL n J: ! .m',iI jmniiu. at'synem Jood can Ik grid carry Mlere Mil luliafriliiy ndn fill> 
bclm* thr minimum icvtplhNi.' kwH' 1 

j. IkMtrmli iilnn pi H*k Ciiiih and 1(i can. I'nlnrs- I Ik I'KA aprnucli also helps to indicate 
nml tlWVVJ L'T [rilj pnihlcniL and '.'.v.n I: pjmlB mi ihl 'yvft lll FpT |ti.J i.i.iiihT'-. Mk P* ‘\ 

•L-lllilhibrii ini|EjLl .r J L’_n 1 1 1 1 p n I L'y m . 1 1 li 1 1 i 1 1 Ly III 1 1: s CK^ Li' L- - 1 1 |H 1 1 n 1 1 1 : 1 1 h L : I M lj y 1 1 1 < 

tiiniinLA-ncii'- in Mie- Iciii: run. lor esurfMa. analysis may irail n cnreingarricy ihai lus small 
t"nlpbulinn' lo sk McliaHiliiy Imkit hat hos Mw hshrsl impKl. purwcdk pvinlf.to*v!uipe 

yKiii ■mi ^dlnJiL’i iiijypiiiiil miJl ii piLlihli sk "it I'.iL”" M l iiiJ:iliimLipMlnn:y 
yiimhiriujj siscniy- mJ rruhahilliy ish^ili. Hit. means Aral i wrifc bus maisi be- nnr wafli 
both a Halin' i-r4iliijnandsiinif"Kiintprobab< lhyofocrunT!Uie 

a. K . J I U ■ 1 1 ■ ' 1 1 nT KfTetclLrnra-iiiitf (.'Ldl al tminaiiM I'l.ms. IhM I'K iini'y-duli^y a:kvns 

piM pigniKrt lo «|i»nlilartivwly tvihim Ihr rflwiwnsH of milicaUi'n rllum such as VAR 

■. i i ii 1 1*-/ 1 1 n 1 1 1 1 'i i :i: ycumJuMi nuj^mitS. 


Eumph 

I i^uri j j illuslrairailiiccypco'l inriimijiiiin a PftA study r«n prcvidr-. [Ik l.jtuiu shews rc&ulLt 
■v'lk PltA <wdy tpnJhitkd s» Lbc SmMlu-ni s nml jr-.-:-. , s.i.i vaslpm Elertrif I i stilly 


l-l 
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I. 1 i ■'V 1 t'nt'l.l'sn'l 1 ftc rTi'i Ll'mW :.f r r l \ iu >i"UWKVU fltT.' 


t'inucil <S-1:RLI. I|ti% F'BA ipfiliLJiiiindemiiriuraMd hrn ih: mtihi'd jiiiild Ik inolie ^irih 

Trajrnuwcwn h.iiilcrtk« jndioimpnw relttp-'c riik mrasirv'-- 


Yea r MOO Annual Risk Measures {Un-narmalizedi| 


S::*lU'iirch ZO'ihi, dL* to Ov*rh*K]# dr V-jlliiJ* VlC-l.llii.'lli 



lb'll ni h^^^nUr 1 ^ vl A > 1 I ij. ■ ... - h. **ll* | ' - * - > ■■* 

... J ^I^Wh^labBlIiiiaJLrl ' ' 7 ■: ■ h. I 


Fi jL>tC dll S*H|iIl Mill Sl'u^ifi j ij u t k*4 Onroad Rllk 


I iriiT l-"> Jiii'Ai.iHi ui mniLiJihMi.lhL 1 1 ^ 1 1 : .-■ - ■ = : I " : ill. I ■ i " " 1 1 . 1 ■■ .'\l-jy •! -k mil llic E- ->ir 

jnitt wjfliUkilujtitsmerlMd rifle a die SwAon L'umrel Arm. rhejuukn ji: di im.il 
3HK*HTi4iif an» in lilt '■■'uilrnri < \v7-pi'. L sj'icin The circles indteueihe Iburviines u.chdhe 
hijhi.'j; ■nHlap' r*. using flv |r.ibihh;>u,:ii;-- v ‘l wmbiT Ml'hum wilh vul'w wpIfI'miu iavt 

111: yeir. TIil Jxiiilliiiiv. imllLzilE- lliL' Finn simile w llli Mil lilulietl iihurkmkiixk, ii-iing Mil' 

ffAluhll)i}-*ci0uud luimlMf of inerku,fcd h .i thm ibr Ih: Ibur 

Value of PRA 

Th? FRA mo x4"l','£y n|Tu? cmruy cMHipvnic* a «w pvwraK - l*nd 'hr*’ drtfr- *?Mis mrifeudi 
liif OMiflnp £ld nelllbijriy ulnlei' JeiuuiilJlLii illitffcK LMkie mdiliniLil 

■=F2 i l-mti iii i s i i l oMBEir^mcy crjwru, PftA eikuliteE j mcuturL->:::he prahiiilicy uKuiuicvirdtHc 
eetnl* ?ii«j j meysurc of Iht srumtjr or •(’tmcI ■:■ f the «etnls. T>w PRA prsi 1 -"i<k , 5 rhe rmsrs U> 

iik'iililV llii,: iimmJ lt i 1 1 lu I I'ailn'l .il I-;: I il l’ I i 1 1 1 ru I , -: v |j I ; : I k 1 1 1 ^ |ilvrr%r i|TipPVhi .mil rkmirnm-mi! 

1 1 1 1 1 1 : mi l:^:i:lim Allmuln lzh 


t-i 






prtQft if -r* rjfjj ■« ■Ao'fi Huh ■TViAiVr ■ vr '■nJ a»£MwnJ Qpral 


FJiA ill .m-IiiI in Mudie> mluuMl to cdigL'snnn Dm^eincn jhJ “mmt rui ' unn ikiciHOii miking 

ki impniLy i;.- j, m rrli:|lnlilY PR 'i, .jkji .i|lii'.'.‘-. |Jr„.l p|Hin(I>: h > PiS-iSW ■ I' I- n nlnil'l'i kl'.'.y.n 
|nvt'il!ihi- ill k aafHUigefKy aHLUTl[$ wd ih. lu-hi mI apefoiliiftal ehingen iiiimctd ili.<-v 
wniiiilJdrKie^ Thtiin Him. -cnn lead k> Ihc ntnluticn ofnev hrJncwpnKlirv;! in ih? 

■ 1 1 1 1 ■ 1 1 L 1 1 1 -> I nm i->. iikj L-.'l|ilji.v l'-:r c?.aiii|ilr. n.'lid:ililA lit- Iht i|iLinlilsJ nuly Eitloral iifki new 

L-iit-rys prcdiuLL Cnmawiy, mu IruiiiiMss prunes dldci :yswm =.fv, eij.ni. jnJ an he 
mwniyji in *-irri-inc U'l-vl? of rvliiihiljiv. i rs'PiiH. Pk A sir- hr u?cd to o-ikViih III-: 'inpA-i uf 

ii. Vi IxiimciM, l-v LHI iLiluliilih 

Inacklilkm. I'M rnnHt'5 omlml mtur rliini-itrnv plnniiine FwtKimpk. ilran-BrM-J planner- >■ 

llClli:i LI 4 ' l-Jll I.JI ■ 41 i'll 11V *. ll. ■Illlllli Ml L-L1IL- -I'-li .lipj, ll .III -I- K- -II 1 1 1 1 = . Jl l.l a - lIl'lL'IIIIIII. 

ihe-^sitrn rdiahiliii imiwi nl Jmns mumcnaiiod iiluim;. PkA bhmikwipImaitaondDcl 
I'lmlinsi wi Jllidv' k wkfc-WT 5 l Ifaisij 

tw.cuiivt iil-Ti i- Hii.-L- 1 proved ilw I'kA id r -. 1 1 piKiiLai-assessriKm n>j i h,--J and tancrcd j 

urc.ilLT iw.iilii:u . m-J :fc-: i L~y-H : I iv: : nl'PR A .iiimc - m p l j m i t: I - .. :c~ 1 1 ii|l-t;£lyi. Wsri n PIium: I alhii 

Ml .Uni viiiii Iil.i 'a prepanruB} u.i>ir« hiu.inJ ddvelnpr&inf i)f an «i-lirw n>k rvuniar. v. huih v, ill 
ht l' -hipIlilv in Phw II. 

PRA Hhcliw era bleu 

Tk,' n 1 1 1 1 1 '.'.n ii y I Irn.v A I i LVntA’ -UK H wt 1 1 :i-» h : to P*- i.l m in Ihi; 1 nm-.— -wn-ii Pn-tnirr. i + li-j- 

RL-luhiliiy IhlinxivL. 

* A liic-n* fnr iht Ii IH has ken ntiiraialsJ w irse ■» ihc ■ mkr* As a iwuIl linden; »ill k 

■ il'L- III LMi^diftl l-lhiIiiilxmk^ diljlytn in Ofcif TmaiI IL-L-Liit. 

- The PR] |H^'J _n jiIuWm In i [e-eh-g hy [he In Jl- ■■. Villi die, pfUpttia, * ■ i ■! Li h -.III 

orndiKi pratubiliilir rtliahilHy sWilics- nf Ihw r'a-tij. 

* A ihvr Irainmf worl(*Ap l"r 'hr PkA n>j i h ■ 1 1 ■ ' c>' an J |Ik PRA sdlt" r/c will ta keld >n 
A [ini ZllCi|. Th!& WMkfUtp Will iuiil LUKHat Kilt- intiLTLlEjidiirj Hill n uc hfuiMii^. 
pneJuvs. diii.i ’Liiuih-mdh^.diK mifrpiwaiipri otfruHilis. In adililiPAausirjrtiLp willlc 

iirp imi-iil hipxiLiiJi- lV i .: I ■ 3 l mi .ipplizil j-hi inik-i .md dpi |f|ii^ fnlim- ilr-i ■-kY-ninil Ml III. 

pnig^am. 




136 


4 PROBABILISTIC RELIABILITY AS5ESSEME NTS 
OF REGIONS OF THE NORTH AMERICAN GRID 


IntfGfl taction 

IIk-PMA iteihudiib^>oflLi> hingt tanpinki a vitiubla practical im* Ac ckitf m«iuip iIm 
IT uhalnlhy wfanmrKt'sirJWfliMsnuyi atniuTni-^non ryrfe” urd > mcjMire-pf ih severity 

IVi L'k-pin. ill fiT III-: I ' 1 1 . 1 1 -■ - L - -I I L !-■ I i F H A kvk I ' L L L rl 1 1 1 r 1 1 ; 1 1 . 1 1 i s 'J llrim.jli Ini _|*|'li..t.i.sr- 

ih-: iioh.<>i|"£t M» fern rcpotu-of iha Nnrii Ancrinm srid the Vmi hem l urnrl ^rui i»l Hit 

l i.u!ii‘.hS:r E'l.-i frit Stiili il'ilily fujiK il I ^1 RC I :i ^iiEkii iiT III: AmixiLiiri : I . L~ - 1 1: ~- -v. ■: I 

|Al:Fi iwmatfc, the i-aoir' I'kmummu ui il.li..ini! ill. nun.. Keluhilhy (.aunell □f'Tiu.jj 
tl’Ri ‘(IT) IniTOimnefiiiHi IV « wve.it; •Jwlk» uf iKc v Sur n^jiMipj li. p,-.l imclinf Ihc PRA 
ii>ji|-p,iinhi|>. CfciriMuiiifltC'liiL’aptitalHks, idcmil> Its IlmluiUHiL, aril ni.Vjh.- dippy, iiMtiiii 
rwcrfeJ » :n(reas; ihe clfcoi vcnus erf fuller assessment*. 

Mu:- nh.CF:(i Pettily ..miruri, , Lvrtp:holil , FjiFd four itudki, tocnbtngihetreitjlecuiMi. 
HVltvrfvli'U. n.--vlls Hid CPmVVflJ l"V SCVtltfi sV> iVsErihys riv; rr-.'iirij pi ill, tt. pspdwl -J 
I'K.t scurfy n r the North Araeftcin ptrf. 

Southern Control Aren erf ShHC 

I hr ■fira rrplKifii.w pi ihc PRA mnhtKlpk'jiy *> a swtafNe wnlrcl “-as the PRA study erf 

lift: L i 1 1 -il i lt 1 1 :-aj 1 1 ru I -s I r I te Fi FH t Lnu I . Mi i ,--1 I bT i d . TV 1 1 i-r-l 1 1 1 1- J u wnj in IV* \IuiI% *•*• is, I u belt 

pul uul otiiipr;! NT I l"R h piscareh. I he study v -ii ciTKlucied m ih: lull (if .HWH. arrf a 
final rqHUl wsp pjhlisVd >n Juiii-iry JflOfl. 


Ot^ertWes 

lilt* nl ijcLli' Li, i ■ I * :i> iliidi ul'ti: I ■ ■ 

■ I >2 ■-■j fcf ■ a rr-KiMl I'Kri mcrfi'KlotiStfy and apply ■ e> the >irVJM: SpiKVtn t. '('cured Area (rf 
KEUT 

■ I V 1 1 -■ 1 1 - 1 1 . 1 J ^ 1 1 1 1 ~ ftii Lhxjii t'-I^J Hill -ilLllllfyn^ ll-JIIMlIluillll ".lIlLi LV i- ■ 

■ l^ffioHKiniU Ih'.- 10 miipn.: RwtBCitd Hi -It df’ifi il"Jd V uwJ at Mila.Vi.uull 

J 1 1 KtV ’ 'rf *th IT I l.l PTTl 1 1 P.-Jl.ini 
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li-i'i.-. I'll L-. M,r>VAn I l'- ■ >.' M.i A.iiP nl-^.<L j^T^J 


MerhoilalCfgy 

IIil <£ui> imsiI all credible smpk .n>: ilniiM; iMiiiitgcflclK orbnncfc and gcaereKir aui^.a 
in. I idemmed of crilic^l mnL'fjiETCi». SoulhiTnCumpjnv 'Services proL'idetlihi Jn.i 
nowj^ry to ralprfal? I*v pubiW^ks. Dl" trrnch rr‘l ^manner uni* keti. as will « lix re* i-iir 

TjiTiania.. Iil'piiwcr CKimTiT^ III aJ hlrno. Ihu uiluifL lai L. I L"t i nl'rfiizK'ux hurrurHia. EAtei: 
t.-im-huI (Xuk LondlUorH were aucAilKted— matuau piiiL, minify | K :ii uftJ fc|M inr lull |klL 

!■*(! TJfCi ul' vlullCF.^ VDCft abstfVlHl ,, h , : rk.jd, ..|| hrUIKhti(llriA .i'll irjJliKITntf SL 

mil uataiH lewl viplinonfc. The results idtnl; lied innsmiMion hfihlaMelcs. inddispli>cd srd 
wngptal ihis-pnfVTnKk^. T tw 'jijt The flirt J'lpliiy nivitod •«' n|vcd itiipp ihm 'ihcmv I Ik 

kKiakn nf h'l[kiin:h\ K lln- ji-.t j|:liiinl ilivisi Iriiiniiiihhiiiii f 1 1 r>rv. vi ij hy ijiu-iikl jaak 

■in*: Figmiu -4— I I 



Tfl^r IMS H i.lk P gw Traisltor **1 (Summer Pnak) 

Boliknwl 3®n ««**■» On (.rtHds o^VsHaje 


B : M- h-mmhhbIbI 

■-■Mh : a-vMn 


Finn'* Ml Sjn'i[ J u WH^ip W-ip ShD^k-j Bc.fl knock £•>■!.> I 

THf Tmh r miirihcra in fti- cirilr .ml lip ln-va£p,nn imlirak-. rciptvli'«l>. ih-t number «f hufc' 
mi'xjud vmliiK^i ami uvtrlnnlal branches. The i n a iadnie> under Mi. numtems . Mil jiu ihe 
p i'hjhiliES at cha [animptncies ihu rnnh m. ilia tiokrtimu. In mher -.iirek iha top number 
indkaws iht-icvancy wfihc rislL and the wnJ nunter inJit'alre (he likelihumd of cnwtinU'nni; 
riK-h.iii inipjcl The armo* ihuw iku chnYliun «id imminli-priHin'w Iran jftrs applied bclwrni 


+2 
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lUftmvmm i r i.y.’i su ■ 1 1 ib'miAtivYicnT^ 


rKii;!ip>-rin.; i L-^i'-hi in flidniiin k b£»: i r. i ■ ■ : I l- r:- tmm ;h. SiiuihflTi ocnaul ichi of Sbtt-L mw 
" ill lift! 

Thf w«i.ind wlhrfirfifcttajinintiJ.illi-in^nl'.vilik.' n^- nrijpr-ilipis in illinimic risk In rln hi 

■■ 1 H I L' | «..L* ll L. I - -I-! 


Rnk Gianni* liaxpii »n □ nllivl liumurnl Uumh tir Lima 

kr Pumi Tl*ni/*l f iSun-iiiiT htkP 



I’lgm- l-j Mampta Bar Chari Shnflinf RnP Lnanla ha I Mnimlaaloii Xnna 

Risk utliocs ere- shnuTi tor % . ■ h j (_■ l u _ J □ wrltud njfci- for l.i:Ii cl ilir irai emission mn t* in iht 
limtr ljx . jK wenmiw in ih>w »Gi«ml pwlfM Zfliw»w#itfk hijJ-cii mines. «f ri'h inehccs 
hill tatoriu in Ihr kj-'lnr 

CtiriKir^iCut.} flriijl l^n.-H 

Mil- >l.dj J*niii>iW.:ift;i] lt>£ a> :il) «j Ih: mLllcil.-k-^ lu iJliiIiP, :i.i:i-]!’.'-:- '.li I -I >: 1 1 Li I L-_ I-. ■. . Mil- 

■|>:> I'.-im nxiinimjinJc J Ihu 'he I'K H rnnhodaluEy be applied In ujdhiaiMl rcpipn' of iht 
XuiA Amfrk’n kthI The alud? ki-nlifVil * mimlvr itf nvihu^'ibitir limilptiw*. iv br ».i*lwvicO 

1 1 i:l nn.- 1 1 1 1 - i 1 1 : 1 1 . i ! in ililuic MpfiliLUliiHiw -siT lliC’ mclIkiJnliiL'v 


The dud)' iha illuMritod itu pete mill *akc of i ml'DK jmhehilisuc nali manhnnn^ cynem 
for nii'fliiurirs Ih? Riijhiliiy In i-|j of mriniK hilllwck mir fThissyilcni •'iiobrUcv.'kgvd 

in Phiarll uTlhv Inilhliee. Sic; Sudiun "irflhijupiHlJ 



•"i I'tituUl iM-Mmi*.-.-!'. ||,I i.^AL-li rfh m-V-'Li.il.- jr.’d 


AE* 3 Control Arta 

IV momd applitiriiim gJiIk PftA nvIliiKioVny. it CmlnJ nhip l.imd Ann vt A Cl' «■?! 

sIikIiciI in It njrmi' -.if Xtl'h irnl i finil rvpn:l w n- |inhliil>.:il in Ain* jrJ ]l¥Hl 


l Ml obtain'’, is ihn ■■?. jJy uviv 1.1: 

■ Ikefini? dtu PftA rrwihMkilu^y and ixkfcras Ii— ikili'jni 1 1 1 . n 1 1 ~'i _ -J in iIk N>'iiih_r’t Co*nrw> 
iriMstmJy-nini't'i i(k iplbin hr Ihr citomd mciNHloknEf 

' (hniMn'nrnK uh ■iftemrnh^ii.ilijpyrL'iidflmfytriiirjl raiLingcnnes. rcpTMim 
prethMiliw of vtwsni'l »»0 i'knlifv nfTcvliwr wvnlcnrrc'-ii'T'f 

> VtrilV I hr pncckrf rru-iihililj-prnrpljinp ihc m-rthodokJE-'lo fijnirt rvpiMrul sliiiJk- 
MmAodalogf 


1 1" ■.' project sir. uh^l Ihr TOM pinprum «■ (Irorminc iliMcd'triiic'jkLiminpenciL'i foreich 
iSPKniu- 1.—.! iilmli |y It kflknwVs t» Ihv pwr \yiJpm Nirtnlh insluik Ihs VW l-wd tf n-hii-ti 

^iihi..il .nilin-vn. / . 1 1 y I. llv il ii I L- :S-i li 1 1 1 1 y , t .ji*. . in IIIlmmiuI liiiiikl : iil: ijii-.iimiVJi'-'iJ, 

IftiKn'iSi ur ■ I'.J.iiniMn, urrJ iiiL-ir icvcnry. 

A U I* p raided lhr« bhe □JOO'J summer peak k\iJ cuk. apeak kKid “ilftnti™* 

loii|HTjlnrr Mill 1 | l i"iL L-thI ii ill- r.iil-ivrl puwor IruieS™ Tci" c»=h -»•! Ihf- ilirKT 

*r_LT*:nn:* LA ■- 1 ■•min! iIlvI .1 lii*r L-jiit. IrhMj -.ism: Kill: L-JpjL-lkrp iIxJUliJ :■ lI .. I ■ ■-il.iiVL illil 

h;.t>IWi m.' ■ 'ai 11 I. jiid bale case with CEfsJtiiQf s added jinlocLji cbkn^iMii maucored. AhP 
provided 3 list of "H-.PandTI-r oomipijnKirisivnlviriB branch ird unil -curapsi In t le-nnid 
irylhp N h\1 {A mrh.T n|ilir "N- r v-irri;mjp.Tvii.. m'. iilv-r I n H 1 1 i [ : I m.illljp.' ’N-J" 

. nnl:n .vn. il'-i ■< Li L' E‘iinnL\l linn LiHiilliniJ li* ni' F 'N~l p< uiiilm^LTiL-Kzi-. I F-.C mn.li ill lliclxr*: 

cuei, <hc itiim determined ite mummm Inid letcl twfliu- m immi iwnnwi 

ihh. number ■ ■ K ■.■ r ckal oprKius&.TKii.Tr oceurrinp. A tunlinpiincy was considered c riliral if ii 
iron tail in 9 cvnslrjinl vkiltliwi. ikfiivil ink" a voltaic ili«p Wow 012 pier mil (.p • J. a 

llicnnil 1 1 r I. r 1 1 1 1 T I ■ . l Ii i nl'L’"±; llnirmil riling 1 KjIl' li" jh. ilc^incil in it PTI in|inl 

III IILll. nr U I lll.ljV Min i jl'l 1:1 h. 

fpr Lhp pr.'>jhilii 3 uiahvt ihrt? ciM>w(r( sluilicd: nr a^rup: sumnur rv-jk Nik cast. 
CIVMitPT Hihlilinn-.. :irj :m :i:L: i.i-;il 400 # MW pmi cr Irniifr Cri| ii.nl pi.inlinp,iH:iin n i.ti.- 

ninniLilLpJ fin L' 1 . I ; 1 1 1 1 r- Ikair li:iEKlinrtlL.'m .ill lliinr :*!i:l**:i i .ii!. ulii! ■ Tt 1-rLnYi i -ii rt il UfiS l 

miiyies lo oa«t wAigp imt'ilny. Jewnnlne runi ljini!> and -ii-jk po«L cdwdss nvurlocid 
rdiihiKy. it J .ihui'.- Co nur^un of ciH -jhlc »pcrji'<ii. 
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JikKl'il n Ul 1 JrHil Aiyi.r in.-H.I InJilVd 1/ '1X1 ■■.- 1 |i >1 ■ *■>,*.', vn. T 1, 1 r! fcT^ 1 


RPfr/Tl 1 * 

£arrr-o nt-.ulis- nl'lhc cvniiniMncy analysis illirannu I'KA ■■uip.i Fw (he nimmer peak fcoltue 

l;ik. ir-i Ih*- PO M nriufa Lilly, Hal IKlm l.-uiiU E^zjl fhz mlxhtnmi hull k-, l>rfi nr v in LjJ i lh 11 

□teur u-b. 7 LH.iMW. ir on), nl until K -2 crcKtf aonun^f nsiis accunwl. VinliiiiinswcM in.i-j.ly 
v^li»ur-krvH pr. hl.TUK Wjih oiwilm *IM Ik - nFixiirmn Im.l lc»rf inirrinedto IWMW 
IfanyaTJhU .nmihgrffctei luui -id 1 11: lliL-L-nbniiiMufl*V:iiKiic uiw.irj: ffjm"um liuU Li'.:! 
vm 4 ttl hl^. f inyodl? h-JcrsKil ooriniijyrKicf ycvunxi ^ idh VAR [ampin-jlinn. ihr 

Inul I l~i L'l nr-i: hi ll-.i MW i I :irix ill fi it 1 1 r 1 v L ' lti L' k’ 1 ■. t 1 1 rT r 1 1 . I : ir 1 1 1 f In - L 1 1 s .... r.” lzi 5 1 - 

vmsi pow-dr owiRirih ilk niiximum o,pJ lewl w i> mb MW, ii.ii> of 30 N- 2 trfrkaJ 
CGnlinerndEV pmrrcd W-ufi VAR cyrTTpnrsilim. Lhr l«d Inri "raiastd * i| ;ry »f 

r lit >ii tt 1 1 r j 1 Ti. - is. IIJ-LIJ rciSj . '(Ji'Nik- |Jkt kl"fr 1 ‘ r imi, ;m k ■■ l'M xli'liihx] hy IIil.- LijuJ mili clms. ivf 

?PU. IStO, *W I 1 QU aniJMHi MW. iht prohiiiiliiiei .rfd-ie -kilning oonunpmnci mi chcr 
niirrtvr in IteK cwi 7 fv mi dirvcil} -nmynriWc In ctor wwdk u peril im M hm uniwi 

StlStq' tMjj i:il:. iliWl AM £iw lit.- UJIlrTnl ln'jl. IJiinc [hi pfUtHfelkaJj: ipphUCH, rttn lli'.Lili 

lhed»ynm ineumplclir. ilk jnuily d^nuil ihe raic^x of dffi nim Ltwia rctj'mirpn hy 

|:l 11 II: n Ac rrkiilTi lily Title?: . "'■ I lir.:il nun^uMnl In ill 11 u i _ 1 rkiuvliiin htLt. ivx lilt 
rclirtV.cy Index tiny t ujkl 1 [ir,;n iviuluhr, ^riKrioii k ■ il, diet I i.jjI-i 4 - 3 .) 



ffigurv 4>3 Wp- nfcilr^ Curv* PI n 1 1 r-T Load Incriami 

h Lhi iHubWhii?' ndjiii lb< Icamaljpfpwid ih-il Ik KMHinn uf puritan ir. ■ Swlhern 
mne wileta nil ycfenp s JuihKt. Ik cut whh ik uii-im pnuef irararefi doe* mu 
Jr-iFT. ideally affiant ivdlas? rtliahilhy ofdw ncsinn JJtbcvifr. ■LtHiHW •* iitumiuma 
liompcraiun: <k~aj< :iIT. - l 1 i 1 1 1 1 sll* i: rr 1 1 rt y — lit.- hxiHj^c ivIi jI-iIiIv i i kJ to vjtv liy :i liflii: iil 2 irf* 
hiiwjni ilk hiit- iu* uiil :1k sxiwivk icnip^rjiurc nue. Wta mluhilii > mjpp iiy am 
■Ji.pl:;, :J m Lipirn. i-jii Piijuru -l-*l. 


d- 5 - 
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Cfi i ■; vi'vYl m- i •‘.'.■L'll.'il) ilrj’tM LlrM' vl'r flf lAr A 1 Ifft i/H r/i°i .vl 1 ^ i S I* 



It 1 1,3 I lii: 

E«mJiiaci1 v.iii 
ClJS-lfCS) U j 


thitt:: i mi lake uUUpr 

I UniBl^t -y-K 
#IU-uM: mpprt 


I'l I" 


iui n i o± 
“ 1 1*1 (i?-C3 

i i (lrT)ai fl’ttfc 


Figum *-* Sinipl- Vrti.iri- Rpliv-lily 


T>a.- -riHii,vp| -:il ili>-|iluvrru ipliii .ill - III)- i ri .ihiliK n:ilii,v>i L-r jmir-.:pi l.' iil l.-ii;! 

iriLnhxirf-i:-, JiTtkaiiiniirJ in Figure 4 -f. As die l.ml letel IrwreiE^i, iheid.ihiliii leweis; nmnnlv 
iliuAyu >-i i&e piuhleen niei also ifrt&b, (eoespureJ on Figure 4 - 4 , lor I'xuspie). 1 hit lunher 
i M 'j 1 r ^.i .-. 1 ill. ■ i -- L- 1 1 1 1 ri ; :- i^ r' tl-.j I : 1 1 1 1 l i' r . ■ T' i h 1 1 1 > i -j p. li.r:' lir, mMmwing using j gi- guplii-.il 
display-. 
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IvtVhi I J.i 1 . 1 ! ■ r i.iVji 1 1 lV y-'j rsiT-rs-TBS iV i BHih bu : i |'S' htI^iuhtum y . i j 1 



Anntha lijiura nl i?K,s n its Jh liny bjptrtLTm kmi lilih- milyiiE. h^ure 4-ft p-liiii ths haajil 
aii L'jfliiryLTp:!' -;rluji .'.’4i igjinsi iht ppkhihiliLy ufchal riluasinn umii|j. ini ilisplty* ihi: 
cranAuliqn afafjKnciinlintHTU^niLalJwi ilk Mai rdi^ililj iFKkx. Put ri-unpIts-Tiiuliijr 
(j. ► ! ittnijibulrc J — ? w llhv l"1«l rrlrabilky ir . Kji-; j hiuli probability. bvi is n rrfeli <ulv k™ 
TTnurt iiyvncj- Illy i«i-ry<’:ihililr rxvr'. 1 / n k~i 1 1 1 ■.qrml, I hr null i-|il+rs 

i . rn lniL'iTiL" ! . 1 1 1 1 1 1 ■ i -i i ■- 1 .iiv. mil ni 1 lii llir-r s/flL'i/l imi icliiilnlilv . IMirr'cr-. vi ill iJtcn kv - jlilu Bci 

lii-.im mi ^Viili|^JiW, iiiirjbiiAii. Igurfc-l llic uiiiKr ujiihibv 


4-7 
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|Vl|\i‘iVi r jn nXtiM'Vf . ( I S i S ' lH nV .Vl-fifl lWVi LI (.yaj* 


r I I t, i I 


»-■ .p-x L , ■ 

ip - u- a . . ,, , u ^ 

I51-- Ki-h-ik: iv Curve 

a,ld“ 


■ ■l v .4_lTtf%| 11,1 

i.14" 

•JL4JCIKU ■ 


• ^t_l_KI7K) 


fbji.™ M C5nMtj|i1l>i Of 1 t<?nHp|jtnr| lU T*HI T-rttl B.il.ih lly IndBi 

CW«Jir*lWH *Jhtr VMit 

I hr lmii iIijliil s ajih ,i>. s*i-w> itufl ‘.'^lil-ij pruhlffiis l-aiji in ihr AIT rcturnl *ret fc. pucuot. 
ahikcs ijfadArionnl VAHifnnsyrnaliuna^' jJrtjJjl lire huwi u-h err Mill spe vdaliinEm 

idhertliliLxJ At hilt [-It: (h. 1 1 1 u L! i rf'. The Sillily *.Jnii.>.ud Lr.: 1 1 f Vim li f Jhiir ■. :il: ii'is :ri- iinin/ 
MiKnlve ia h'jil In efc. ilua train lbs. Ik icul) dm ctaii nl iliaLilu diu re, nmir 
rulntnblr no i ulnyr tidlHxri- ihm ui pterJocid--. Of ilia hx nines >cudiedL ill l rurtmij 
vinp»-rjmiv »mnrin ij Ihc mnci-Knirc anha^t i^j-wul oLserbatb 

‘llir Ff’lhC :tiii: _ill ./ uItm-i at'i.lii ]ipi AKP'is lindrf&liilkblg/df ihr as hi>:* milt ill llii-i.ilieu | Ijc., 
■inure of wha£t la‘ai!l. ".Iijl'J vijhilii>. did ih.r ■■ il loa-U. I k IHA1 piuiiram lnn.-v pn, '■ idrd 
VimfinddomulLvnfdcM raulreiinli Ihjl am towel in lhcpn+rf»li<lk malp«lo«ibliiic 

'(• ail** il* 1 1". rk. 

Ihr FKA in. ilii'J. d^:n.l:il hiyonJ artist * at meet tnpIreluJ nr.lu Soutl-FaaCnmpanv 

’Swly In jnii iAiii frpmyuiidi fcrdiiplij'iniihr jwtnphifiilrfiTritifmiJeiinblEirtliiihililY 
Iiiiknif aaiu*ea uid ellLMla. Ttir pHasdiT'I'u lie il -lim? |i n ~l- kIhIisJ ■. I ■■!■. iiiiiiii:.i- . I 

: 1 1 1 1 : 1 1 1: . J ihremgh, Mir- stare «. '.h.'ih.r iidtdiKr ■■'. j l lire LiHrecpc cd a p iu h ill i Ih&c rdutiilitr 
narsiin. u-hit* ™ai leywd iilhpAEF' midy and showed pumi'e for IuUik ipplicalipn-i Ihc uh 

air.i sinllrr yljal nl'im^a-l SHTn^pi-: |HL I y tf iij cull fy rrtijnr met uaiihrK sans jlui iLmninxlk^:il 
Hire L.iinl-iiliiy " ML ^iru.l|, Illiprs'i L t'a iAlLs.li‘,-nlr: i O.f Lend plUUKH and ujkn UeJih Cl> ifHpn»e 
ij^toMcrtubilliy. 

fcisSnn7 JinJureantnetWcirj 

Thr Ihirel iiplii- PRU m.ll-.'il:.l--^. (ly Fmlrrn |nln-nmFl,n s-n (fly sain Mirv.l il! 

-j/: 1 . 1 1 1 ■ I aoh did In hill rrculii arere pnKeanid di ilu In >■ .. .1 Pluming Mueilnp InDtcemtaf 
A I • 'nl rrf-.sn is due r, Ap li JIK'! 


-I-K 



| LTii.*Util>U. l i .■rU Let'll I JUr£UlrJeil ..! I. ;.|.hrfl i P.i rk‘«.n ^ . ill rA lSI£T.U 


C)b)actSvts 

Thp nh>^ln.^ llvr^ \liiik :in* Qfr 

* I.>villiililiru1: u:-j nl lllk in. Ili.'.k' '.-I;;, .'Jl-. I I-, OMlfftl unSIOjl lIIuiA, ii.'.'i l: l: I 

i™hjh!lili^ufi.-?®»p<'rKnl fnilii^-. npd idinli6'L’rticirfiv< ,, i' ,l '*'niiraiiFT'* 

* Virjfy ihc prart c»l fei ' l'' r ty flfwpijinB ite riKlhntMuty » Amn ivyiii-.il <Iik?o 


In Hckbl i- mi. npf-rinnv jpiin. il Thwh llir SjHilIhrrr, :it,I ,J| l : P -Jiiillf. :.jt pnv.iilinp nlfiiHL' iiivi.’ l 
ai in li j u lulml. M illie : jj ihe duluc^ihuidani n^muliK, ihu util 10 tunny ifriirtu hi III ^ 
riRocmeSj'. and iha ikcJ In rclmi? ihc Jte i i rW I > ■. y d<rfiniii>in 

I M -i :■ I if- 1 1 1 i 1Kb tof SIIKly. III. projiXl Il.iiV. Jl-^l‘I,.>.-J 0 ■Ji.llhli.il kr JMW5 If. Ilk* l.l. hbOd Cll 
Pmlro! irv.i i-kvlrk*:.! .* .i iv.***, pni| Eilkii-J I II finv' <HV Fi|[1*T +-7 1 Iki.n I'lVIJ) ciirq|i.inirv 
I ■ |... . i il LiJ | ■ i '■ I ■ j 1 1 1 1 1 1 1 l- ■. qj I uj;i l: iJ j . nl I jl: I >jiii|i ±ili r(.i III. I I iJiiIiiumi 

id enu fil'd innsfa flow pilln io. occurence of IW bkh Loodp^. belief (T Lfa j. and 

l-iillli-ryvL-i ffh^Toj njiip Pn^piin frm kA.*i .iii.ih pip Lif lyyrupilnl Inin*. iila-u «c. Iil ■ In L Fiiv 
5 ul1u0i ?■ L-’f lli.n i i*|*mL I 



Fihuiu t’ Ten vl IIk EftUili tUBI&ttttttlfah 


III.* k'.iiii L'l' 1 1 L . 1 1 :i-_ I lt I ."j . 1 .111 *iTI II: 1 L\ 1 i 1 1 l*l:I k i - .- w i J l: xuninin ] Cl H I : r T .: .JbElflJ, .111.: j* Li I - 1 hklI j 

cinlinytnrv simiililkin lor*i* bbfl TMtKIjKC ivyicr- ihe I j-i - i. Li'ir il -Vri.i Ki'lijf’i!" ^ 




145 


,^ r i kN i ttLUii - . r i it i ti-’-Ti i u ■ i ■ j ■ my. nil ■!.■ .1 n% .i-.-r.Vi unr.araP jj p s’J 


Cixrdiruiion A^reejaem <3 .L'."i K.| aid SLHL rriiiiJi>iUi>iiiiha!ii:‘. Mils. Itw l"i '■'■-I program 
jui"mi!xjl emits addn^ral ei'minperttie? ba-^d v a o«i fitd unit sim •arise and! a 
mininnnn >ullnjp; kvet — N-l cimlinisnutv? fntriwJmm Him IV"). sj-.I N-2 cwHinECTnreii 

Iii!j!uvI :riMC lliiii "■ :• ,»Mf I . This ii££ i;-f ■.iiiiImii -.'ii.il'i l-iiie-J: ilukil j fj |jji i I jchII :h3i urirr liver 

fBcrntMU l*KA curies. Km KRA hliSl'i i*Mdj single ttHTi in gens; list .id him hymn lur 
iklmr;! comiii|Suieii!<. The HI ciudy ii«c* ■■■■ ilMi'fo '.'■•iKiitienc) lists inJ live ga ltd re m luimjis. 
ThlMHIEmjirei ufsyi* n-^rru. in-. 'a-jj iinATiaUn to mar ran pi* I y n.e. rr pott nliMI> - rriiiral 
■oindiiivro 

Tboi, (m l-jlIi nlilre lit u»i Aita ol the- h jiiivti IhIl- l'.hiiil-'. iii'ii. St Hummer d'HHI 'hate cute it 
hvP!!is--iHirt .iti'J fee ointi up n i hi 1 hj 1 in ■■■ojmiiiilul nidremprehensive lor -sneli ^unt. Another 
fur *ii afraid, sir bony NfMlmed in Alcrmiiv iKc raliiibilily <rf Ihc fin znnrs under bshrr 

lc-ta cbi uff MII|hTl jjfjllllB 1 * A | * ■ 1 1 1 .III III 'll IL' t.'' Al . Th L^ll llTtlh ill C Ik 5 IM 111. . 1/ . i! IL1I Mi' lIlLI P It A 

in. iliii'.k't.yv in Jlv. UMtiicrduiufktfiiiandatiufiAulani. 

ftazuiiz 

I'relimmiry rctoJn ihiiw dim ill. Summer lOtKI hjur uit i >.|TiS>(iiivJ ' er> high nrewnntrcl 
ires (luuH.:r4 mwiy mlioul raMingcm-iej nun vnemntind Fbrthe mn' Vsdiyp innahjiiiy 
«a:is iL mjjkl-il'.I im :i msiiiIht *:ii rv-nlm miiii-v ■•:l'::ijiii?s>. TIk* F-i^Iltii Inkm.'-.iiiiivliiiii -.iihlv ib 
•ffllptUbl^ifry u QiXiiuyli IthLity iil'Lfx- diili. ilirfft-duliigy. u:d iIil- uAUWf \\lif. ~h; I'RA 
se- 1 1 v- ire lords will be era ■■-um.-.J to die hinders linher n^ionDl HkA -huiJii.--. I he Hite cite 
dam fnr Mir UNem inwronnr-oclion nil be s nnr fill -3-ininj; point lor iheso fiiiliiu. radios 

CoDcfosrorrs and Vaiirr 

Thk study hr pwidhy. a Itarogh i. j .t^. nfihe PRa motfratolcigy. dn6a. and kiAwjk. IK* dill* 

Mill ai-li-ri i..*! |-i'i\I.MK.:i:iih.-i\.i :if: .1 lmrd.i:i.'-. h'n fiiu i- i-JulIil:-. AIwi ’ e siumh: 

duveliiped 111 ihn duds iii diiine ihr left Atsut •olipr.'M.iCi: j viluttSeico] liirdmdine 
inmeunnemon). tor Mil purpiitM. ut onriduLTir^. cikut FFLA studies. 

gficor 


flu 1 fiin:lli i.'i'liiMlii.n nl Mir PH Mill ■ i^I.'I.i. l i 1 1 I I I , ii iiliiiJiilulli .liii'iii in llie t|irr^nl' 

M l , Hid .I1I.1 Vi Ml hr niLtl: dOHluhto lu I .nd -1 . lur llinher PH \ 1| |:I|L jImimi. 

Ucfiirj-insj POM arid PKI k- Iriitradva Fundfrfa 

Ihv Scple - bor 2*. Jftm luiiiiilpe mnSinj. the fumli'P aenvil ikil aulfiponlly ammK ib>» 

uinemtl HitiiliHi . 1 Ill trjv, i- finwtid w illi j. hlrlli kmetiejii 1 1 le 'i :■.( llul t-.i-id |:i- a mIl 1 
ol- ^ u I: . 1 1 t ImI.mlv levt] ri^uheJ lur mi ik-.^xefil d I i irl tuf im 11 m Suwririj Liimminee leli 
m™ ■ alee ouuld iMoSbuincd ln-m lunger denMiip-eri:>.'l iliiKHA niL'li-iiJ.>k>yi . In .odn on, 
jnen.'j'ses M.'ift M».' ■'tmrWm md AnPrH.' 1 ! )||.ldiE^^on'|■inr^ld IniliHCiie lunikrvthM Ibt PSA 
hmK **J~i *m III lv 1 1 1 id. . 1 1 . 1 i 1 1 Sv l* In tlmriii |n 11 1-1.I1 fi.--dir limiIM «i.khJi^| hi iiiati 


4~ I II 
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| |nili'i'.V.| riftl 'i'ErV'*-' ' K ffc ■‘■■1 f# -.Tyi l I n L t r 


K'ln!'i!il ■ ilu^iii. Sunders Jlfei ukslLlsdlLiJ 1 1 1 lL f . sj i [1 :-J 1 1 1 1 1 l-J lit I : I jU'.-iJ ■: rl H R l i| -|i ii: -■ ■! lil'llii' 

m:ilii<VI«i!y.i'U t Soac ™pcni "'ii •* Mil iIi: M.HIL' krluh-lny Assassnwm Suboo'iirniiLM IjtAK.i 

.1 rinp Ihi - .-.l iIii. i ■ 1 1 r-.- 1 m . r . . i I 1 It slmlhs 

As a r:>uli. i.< idr Jireci m J imnudialf ■ ahiy ro Mil I'm Jers. u Iken&a fnr Mi Jtrs w un iht- 

I'l |V| Pr^iTim kiiii-i HJ'JM r.L'L''l::)kril 1 . 1 1 h.1 1 i I j ' iTvIvi - ' ■-! ,'J n- 1 i jhilil y i [s£l: i n ill Ik’ : k" I i "i rp: i I Tn 

lumkiis ftr i»i.iip hi April ”'L*I I . Ai ill. huna arc Plaruui^ nutui^ m I JtrHinhjr ’m<>. Midert 
Jtri'tiJ iN-il Ihi «-url wndiirlrJ ihin fw «uln rtop-. beiKhnnri, miJ valirfttvtiwFRA Infill in Ihc 

Kni^kiJii, At!P, _iihj liu-Jum IiiIl-i lmim’u&Imhi slimljusi llifi mullnj in -_iiiii:it:li!i:i i:r:i|f!iVijiifHk&ly 
BPS cfto: sHfts toward a "diynh American PhA smci. I he ■fir Jen alwi jprvpil ihai ir.j -■ i-Imji 
cvrnpaniri aiH «wiiJi>e 1 Ihr mnfinim FRA * Mcwinnik. 


4-11 
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5 NEAR-TERM G DERATING TOOLS FOR 
ENHANCING THE SECURITY OF THE NORTH 
AMERICAN GRID 


Irvlraductian 


lit .1.: lull I '.i'- 1 iIk: 1 1 : ' n ] >: 1 1 : I >, Rrii:d> Ch Im I:. rj l: j ■- 1 1 1 1 1 I u j ill ilk; j I Lu 1 1 1 1 ill I ul j 
nf hijdhl j- jkiMkiiwei p«t. icr iM had iKcumd curlier i^<n summer. The pnjpm 

i Iji lurdiHbiLuiAeiguicd ilk- ftoid Ua i tuluitt nl pfi^euu i-iih tong-iom urtl thon-tam 
ppynlF: Ai ilic Intttrmdcf-ho kpevrmm.r.kc>i+iiv 1 infill he lniiijii'T'*- 7 fs ip "idmlifyinrf 
I :!■.■■. Ilk: !.■.;■!:■ Ill il mi&IIIIHMtl£ riA dl[K"i tr M-Ullpii jihJ -J i - 1 ii' I ■ j 1 1 . l:- lu dntUflud Jliin-h™ 
rrlii^lity’ 

Ai ihe Se«rny < -f-nirnillcr mevlmj rm January JT-B. 3500 . esperk m ipwm' uivpitknj 
PKumMurkJi-d ilui lb: Inhlturrf develop unumAa-af An-rggpci” apenoikxul rail K>hdp 
mpniw p-ILihilrly m I he T^*r Ipm — in lilTV tP hdp minip dig grtt ikriiif Ihr mr nut llhtfl 
p-LMk IllliU. 


An ii Enull. .il ! I p: I'^:Ip:iiji s mgvCiep - mT Ilk: liiilulii r. j iku cIUmi ^ jl I j III p.- ! /.■■_ Ml I 1 1 u . i: I 
wi|h ihr hilBniuv wrli uliwdy M"dlT u.|n III evnilivl i luiifalinfi «1 tirmncr 200& n|VW|j 
Hi jIl-^Il-:- iild dpi L'Vp l>U rlLft qx-rilllit [iWlE~ u KlmI I iiil l-ifjuiiy .Djld l)!.;'l.ii fJISDQl jikl 
M Tht rhiiT^ p:.!!"nii Thr ■ATPffcpVl? vr-r> Psnh-i,v|pirnll>- 1-^M UP Airil I ! . ?JHI. :nd Ik- in II «u,i|j 
iwre dulu i :fd Id Jill* IJ.JIHO. 


Atlanta Workshop 


I lk A 1 1 : 1 1 v> L 1 1 i. :■ 1 1 . 1 :u Alluilk liu-L-iti lik'd :ui .• SO fuidciMil III: blilitiCiid di-rjira. 

■r»n'"*«*iun -ATlm rpniinv --"we for 'he up,--.-- »i: 'vnmvr k EFK gnd ihiw fwJc 

• l-PP-l .■:■.'■> |.|| I 1 1 K I Ml •■|-M- --!ll !-|: :!v k-‘ lip- Y. IL ‘ III Jll.k* J - « III: III!.- 

fpikwq^ ppafc- 

* Kulil" rrPNvnr«< itum aunuti* I ’’ 1 " .i d pnedla prohkins liLuIji id Jrr-v g iIm suiiiikf of 

son 

- Detepthi ClMiLII jlkl priH.- 1 -dUlis, Ill J V«:Fi uliLikd* i-Lui'ud it III J lullr. 

► Ideneifj - l o.^ 4 1 1 1 1 1 j 1 1 .A 1 1 1 . hi ^ lor 'ipiunrr,: pruecdunev and epordpinion lor junureor 3 HHJ 

ujicnjliii&fr- 

I lw lira sosHon in pjl: prohlcnu ind p<fKmnl luiun . 1 proJilcinj lejnjrtd prcirruuumr by T*r*r 
>L\:inh ungCndun, fiiim Au EuicTB ]f«kancu*i itadiiin. WuA.ili KMvMh L' i f.i J it:j- i:>j Cbliwll 


S-l 



■’Vrc.'UMtf -rail iW LTvkuu'jrv; i In ,i i at i l< ft* Jiomb mTViM jhtu' 


I'W’SCO. ?p4 FH.COT Pti ill Inn «- I^iriirvini; m I WB mihali-d p-m Ai mLihlr Tnnv-.Fcr f'u paltililj 
lA rC'| lvh!i JiiilJ.f.'iI. InfBfMiltg ii-jIIIHi a <rf irafUddlHIl, ■. ■••• Ill U VAR 

support n-*l pro'- iikd. aiproc edit'd addickm n F nr* gene ration ■« illinir iransmisfkwi, 

j ii ■ I iii-a_n : i.-i. ni limit Hir Irlcri.sr'm.vliiin-Vi tJu .nnlviia. I’m llir fiCjrr. llir niiirilj . iHinJinaJiM^i 

ioraiM M^nln* 1 rjrr-c!L -<-x4\ L.«.hjJj!^ Rl-I f.I i I I. Kj «. c rr. ■. :rui -.nul.l dysuwn fi-luhilny. I lit-*- 
prcfflclcd Ihsl jpulhcriwt iMummLTOoapfcincJ with liarjjr unil nutapiJtuuklrrNill in Ihc ntL’d Itr 

yrLT: "'i: rit-’ii npi i"’-L’ htigli 

I ■■‘Jl ■ ' n J '-i.' mil uJlJ i ppiKnimai nn niur-iL-rm wd* almady bfflji rapidly dmc-kpol 

a\ pmrl -sir Ihf bi ■ I ! '■ r 1 1 : i ill |rn I j-r,! -1 ru ui I j i n 1 --i.- mpi UNIT ill " L ! Mi Fpl-xu Ii i: iK : n r I ikj Llii I Ii L 

KSDIi . nil l'y t 2)u:rF Ih .'^uiii u pair tiff •■■.tv-hjiiil l>hiI> id aid security ocrodiHarara 

jjid curanil arc a opmlun: -n rci! limt mnmmini- and L>i.]|i»n.:n pf sy-wm Mturily (iw 
ik-LiTipiiin.L h-fl-.w) 

dhc Third Mssinnofite morning and ill: .• lumcvii K&siiin ■i.'i.'jlr'f-.'d dw f.>||»ai.;ii|> 

rtM miiiiKinbilmiK fin i mi | n ■ ini; iLpirahny pm L\SireL uni . iKrilin .1 i n liir Mjiiimarr ?i’jiHI 
rrperaikrfE,. 

* ftiKwmnvnd » Kvirii) swnliniwn » - lyr. ur customers Ibr rn I unary Inid shyilili’y. 

* Kypnnd jmrilj tiwrdinalupi to TOtripIrtu all pimiIbluikc prior Ip the hotiihet. and to uw 

LLLUI-iv lijlu liu-limur |£IWC| Md fcdWChjirjL- Dlplr ihuluMi F 1 J l-uL I Ml firX’l djIA IMI fllCage 

■Ufa. 

a jlrtp arc mil repwis i-n rrf .ihilny ji clkIi serurny oootdinrlnr and control arid. 

’ Nociimnwrid i^rimLy tourdniHjors no eyi:lun.&: djy .I’vjd modefe- arid a ptwedim; to yjiry 

■ Mil i.'ll L 1 1 II I. ^ 

■> A p-,-.i! hi ill umiTili:r\ I- 1 - LLinpIr:-' n.inili n : jii v lvli:iv ill- -nm*7vi :rd Iiiiiim l i I i 

* Use ihi i.r; dump duu proi -d L - m<. sdratahi lur rt^liin iiMEqiiiin jnd orinniil im-ki- 

wplrol ap'-i IV'*' 

' Train or*Tak l n: w muimiain ppHnitncj tw new ir-,v^ a>l pplki« 

* Mwiiinr npmilipj. itHTwe uuJ ayiclny 'lmtvi ujinp the k^lMi ivliiuu ■: 

l/aduo 

r-L- 1< lirkitHp ilfLAidrd i nev IL-.-, mil: piLdMuiVE. fiiilii lie lumi-Ai:i ill' I |iil-.Ii. lint.' 

pmhkmi hkrly In -an-*: in ihd dimmer nl .')**>. ik»rihipf Imdr and xytiluiV' alroady planned. 

panj iiL*nlili.in^ n-'Liim— i.TLi-i|iirTT-: kr ii;vi:imii-: prLL-:ili|-i--. :ind ivuniin^HD fir ill ’ — lt "'lk"r 

qpadkBL 
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bur -AUT i^anrj 1 miIj ,W » tAhj Jky it-i ja - mfuv %-i 1 >i\ n .nx- .kk'i m M ptf 


ReBl-Tima Security Oita display ^ 5 PD| 

I ii_ H : !>2 j I } i '■ lic^ipiK: J "■■■! ptVt-nJe :■ l-_ ii i i L_s LL-iad mi//.* l mil ^ : 1 1'i.r 1 1 1 j i _ 1 1 1'ln j 1 1 1 1 :■: v. ilh I'll lii 

rvtr ntrarornKtHwiilB >icw id rV* |!Jii ,ind vnliiKt ocflntraiw*-. AsHich. il nrtirta 'hirJ'f 
VJV: raw " 1 ttf piij rvliihihl ■ ijsvr a wiilr seen i i c up ta : 1 1 1 eiT Nurih A meric*)- The I..I u.m 
-Jvm:I.'AiJ i- L-mipn iliiilc ■■ llll N1!R[" jii.I iiiiIijII l -aipkliiLliludi nil llm 1-ilAfciA ]lKciiniraiCultnii 

Thr RSdMinmvrv-jllv 7 ml .-■ ■-r!aji , ¥- reBi-liirn.- Inynrsimul QAtuiily Ndwtrlt liPSNj 

■hij I'l volllgfi did 15pm Mir (k»ni. AdMillbli by iSliThy mp.i dmalm:- did IfdJ him 

opinwm via pass* nrJ tcuu pn ciihir NLk^'iHi w Mu lpiam«. the j-yslwi allon s ip la- J0(3 

■ Vi-v |n arnvJUiit.-iiip.il. it.-: !-■■>. : . : 1 1- 1 1 rn I ■ irTanniJ i--n im ^I'MI Hji. '. nllii^r*. uni flint yjlipl (fH 

FUm*s-n, 



P yum 5-1 RBDO Splltni Ai'ehhttlillti 


I h.- I i -il-n i i-i Wuh 1 1 li .li-iT’avv lIlL- d:r-i in I a 1 1 1 1 u-.T- ill 7-1 1 - 5^ >. It uitliiikhiiin m hi m:i: r - 

■li^ziv'inucuslPiriuiJblp. cobf-codBdflpn-uun: ll..u.->;rd hii' v ■'IiiV'M.hl. 1 I ipurc 5-2). For 

■.■t-jmpk. TLR lr*cl j ?rd ihmic ii ih(vwn n rvd.airiTLH. I nr 2 >it jhcwin injriL™- 



Mil K$»l> vms ddmonsiriidd an im » the NCSjC SdcuMjf C'diidniMor Kiifcomniimis i Si'S) 

■ii hir^ I4t JWO in Kawm CAj. T'm “wkr? liler. 1hs jjreSnn fakfd la IhchfERC Swmij 

!-S 
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A* ir- iV M HrH'C.liLr iMlU^hiLV lAi> ».fi'i*»Ui’ Xf/Jk? VimfM .v*r fii jfT.U 


(.oordiiuim inftmuiian 1 iy*wiii i ■a.'lSj md midt . m j ■ I . i T '.-j j^n-lin^ m stdimiy Qaardinaiaft uM 
■ji-nr.r-'l btki (fatten. Aflir tetdNh'khacK^no'lirtifcl rwm us^rs. adMtorajI _ i i I ■ j 1 1 ^ n>- 1 1 1 - 
ncrrmaa:. 

Ifafaa 

RSPD#Ws"*» feWkr i'.H.'pJinKttTl H-riv, nn f:rnil >rr:i •'■•.••:<■• *•* in') impiV«al 

h«?fc;iirniX 1 Mai-u,idt ijilcmri-: uhlliiy. l.piin<AriiplMwil III Mil- K-IMO. l : -.- : Ingn, 

NtkC'i Liirsttix til' I oil invites, mud "kSD4j turrouly crutil^ sccuruy 

iiumlinik'nwwe Ihc wide htj 'Wp pklure'cm o.xiuriun Krwni. Tlrt* pmiaiT has sJui^ti whai 
vhh H^umpli'l" u-Hm wt p.K mir lnEt-lhn 1 — H5IW1 ii.i wi&ly available 1 Lwl lb»i i'- 
rmiKiliiJgly .ra'ka' " 


Tug Dump Program 

Hir Ta^lJ'jmp-ITpjann ■■■ Jl-- suit'd k > analvi'r ,i "lag dump pf asprepikjd cnrjatiiai 
■i'hriJnk^ up :i <nmlpiJ-prCT-ii><iinlrvJ'Sr;a twk ■> »cvini j-riHipJinpJitTr-kvKvvriij- 

iKridin ill i ki'iiii li.imOk: IEH' r lilt tag i&jnlj'i LiMibhlt ill -r ■ 'rTiii i EIktEI'K' [Jiu En 

jjtu:L^.nnl miu iiaikjcmii HfuaJuli!t fotm muraa 10 ilnJa. Hhim, ugnn-iA-repiuh «r ciMitoil- 
jmi in iToriri'i urvj nil mJ schedule- pfopifaions- ht uijilablc— □ spun col Mji.i 

TmiiMi jly WH^ilhHv Ibr the Esulcrn Inlmurincvliim The Tap I'Kimp PpoBnm wli.imificJy 

ll- \ Tl.niiiil iy 1 m linlV'- ■dii^rimv im: I ■■■iim' 





FifM'!!- 51 !!j.npi’ Tag n..khi?n..igr.ii» 





152 


Eur-ifm L<fYrwLyi£ nu^ |V-r iiAutri^ rtkr jvnTJri ■ iV lAsr mnfr ^iTknw : atj‘ 


Stirling m Irv ijnmLT iil'2lHHl, ummil I I'H” iikt>„ .iii.I iHhurh I tail iii-ikiI llic M : R( 

■L 1 1 U _ 1 1 1 . . 1 1 1 ■. ■‘i. m !'■- i i i i L- - 1. Iurl.k-ijir?. Hyiitm So..uriiy li./j i ijuluJ. ‘qt tiHiinn, LVNwditijUM-i 
jii.I tii'Kik'l i rtii oporas'c; i. tt etc nWu in aeons* iIk-v dill i.i- l] ilk *| KjC up dump ftp hw? aril 
expert Ihcdnb lu rthur wtfculwn* lu perfiimi HvuiUf smulym nn fhicir sj-iU-nw (kv I'ininv 5 - 

4 |. F(if Luinplr, lli.l:ii i!iiiii|i -.kil jlmii I*-.* iiv.-il luji:rfiimi iijki ilii.’iiaJ | - 1 : i -4 : 1 1 1 u> *IikIk:% \v g Farr 
Hw IK XI hour). COtuptlie ATS.' I|'T du lluu k.-uf of i>JM iLiy, .in J lliihUliip -tlcM j nr, ill if-'i nTc 
:rj r c-kr paiiim!. 



^lfmS 4 Tun Hump Input inrl Output 

■Nri.r iu deiTHUMnchia u> iht TJLKi' SiL'K, ilk- Jip I jump ttdtwire wji lulKnudoii June IS, 
JlXKi jiiiI nvjil; anailzMaioalipihlf mm. 

Vefun 

imaljffijp and diupitiT> mfcpmpi-im IhN ivvia pemcf How 
iiLiMj^LiilL'.''i iMI tfrlrilriil-iirUJ-lfi-ijftllkil-ufttl hUlt, Mduun. pf hi tllHgiaCiM. frSd iMijfc, u'.LHil 

grid I'ciiluriii iniiiKiw funders quickly adopted ifee Tqg Hump J'niy'rjm. "Iru kc Unmpne* 
Lon . 1 wall rvcyivfd tef socumy crcnliruldrO notmid MLRC's I.mii LrlfkT. WimBWuofTViV! 
TummiHiun ^wwiiy Scrviwljiplin) IJit rwpvn*,' "T-hiikssms Valle?' Aft'Jhorilj 1 Ihr 
I PH I l ir lluliip pnipmrfi 1 u I Iiiiil-x |ks iky lit- uikJ " I V , H . sihk: In -i|i|il> dir, ulti 

pccdkiinaitowirc-wi up'HJiuMiiiprcUjjrTHon I VA indihu L-asiern Ink- totineciiun , . 1 , 
ippxoiiix ilk run respsjmdrti ilk l.yj Liir rpn-^rjMi. :nd I i'kl Jill ] prexfj'jb til ir.' J I Pkl 
fcitaliu ujbJ ihf pivyrnm hiyiwlyw lb? hi'Mirv-jl flnw pjdwirk in ihcEHJviin bttiFivmiwulitm 

li .ct, \l:,j. i? 1 1 , K 1 1 1 -■ Si.-|i:.-nik:i iCiHI jii.I . iiiii]ii£a-iI I r.- .. 1 1 ! ' . . ihJkl^ Am l-IYiiiI Li> LViiLliU: Nk 
lliiw, tfidiud* iu I’LKi etui «MiHinii«l uanuctlau u in bu penudud imiHiI deta in the MSEC 
cammiikos Ibr policy ewJuuca. 


PS 
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6 CONVERGENC E OF EFFORTS 


inlroduc 4 lo*i 

At unpowii iL-hiL 'ntii^i ul'dit KdUiDiy feaitailw In no*: I lua htn at Atiihliihmuii 
ITwJ/rrr ll m^lh Ol i n J I.H" iH-"‘ ipCTJ I i '« unritinp r(lnrmnihi|K It tawii Imlm < .• nnnilupe :i-.l IC-.T 
Mihr-li uflJlti I Tin uMfMMIIlHA Iil> IMI ItMItl nl in dlu MIiM ilia I III Li: Im il L-.r- 

- I infcup; L>f -.■I firi- hi F.PH I mil NFRC In ‘.- 1 -| Krl p'lijfiiMrlaJ.-,. I.: ini[Tin.-iitf tt- -. ihilily 

efifii- '-."Th ■’i.fiv.r .. jii !ian imissMi pud. 

* %baripE vt'mfrrnuiim brtwem inins-mirjir^i pad and miJi-ir ptn» tr pJwii enhu«. 

■ t Vfnwliwn bi-iTA-tm liiilii*n.v pci-lii-p=n|k mil rrprv‘-*n=l|i'nt? cif fill rriiiki-l 

E--.-I InRiaUv r ntfAltit iln- ooop«ailn# | ae > prat Id&d u mimter ,<i lthci.% Irtludiip lit 

P«nir-u {if n??>uTwj, ifiv thmnj uf csptniv. **•»* i > brwitoninB sf ^ lnili>hvr> vptrl? in 

ilidfcjdr i I i ■- r- nl n mlLinl iiilu nl. 

CaDrdinalian with F LftC 

1 PR I his wwkuJ Hind; u-iMi FFRC cn Ik Rilid^liiy Iniiintin- -cwiwlk lnhkii-vc>strlkil 
fimudiimm 1 WV.NKKL nqpreMn not w wens utetnniHii.il abnujmtiZiircepuulinKion and 
MwJiid in pilknnp vypp- -i I nii.^in inliulry I nvJ LT 1 In hlprli hiHHI ili|f NERC Opmlmg 
( "im: .-..:l lirLiiii > ii -l', L-.-Jn -L'J lit K-li.J'llil i lillll.it n L -. ni l! L".- Jill 1 1 !'■.■■; ntmbvfj .j nil 
•LWlrily «ainrHw<|nn fca pinirip in- :n Ihf *pnl I I « nrfc'k'fi Mi plan tiiriiiir '■ 4 m.-|kT.iiint 
>IT jIl^Il - -. I lit liyLl J||||L:L"|||||[|.:-:L il h!»ihlll*lM*l! Ini iL-. jlnpi'li |'SI=U.|I|: pdlLtiJftj 
■J;nd»reF fcr ihc Hirrlh Amfrictn kill; flwtlk fjltfni Mviffan jitlpdr rtpn.-vrrili'.if J L-,f 
K^Hiinl i lIi.iTi! nrgtnItukHU and uitijay moipinlHO ITFI ubt null: a ptotamliui iu lit 

Nliftf Hwinipj Cunniiit« iprviitily kii.,n n w (k Adeqmr]i > CvmmifKCI ond it- RcicjHilhy 

A-i-fif - l-.'I Snltnii. 'iiIIul: |EAH|y iL-tll ml- ill ii ttinl Jfcfl hi' liir M:K[' P[' In Linllhit 

(wpa niirt' n-Tifc EPki In ih* if in 
Vain* 


i lt kthi nl lliii kiiJii: iirj:f ly.ilmn n'hpoiihililc liir piiiniili'i ; y lvIi tily rr :ih lily in knrili 

Amorim phyed b critkal rale m cnsifinfihu Hit 1' > -iii'-.. :d-i"£5JES lit iKtdi of i hn.jM jitj) 

iil'iMiluilry mlLTt"-Ji- mil pin iil:> iim'I 1 :! lit&iUa lit t-cn rA_h uniiiliiuliiii ami iHnlml uicj 
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. .l*IpVVi ii r II,' r.',*. l -1 ■ 


mm uhi ■•«irM!i-ii<ii>iiii»iiin tflil ryliBtslny. he utllis irjiumics imi pravdem whs need 
id plan fur :rid cKpuuiniL 

|ii Hld'ii-iv Ihc nivitbij. relMtkmehip bctwccni Inilirt >>■?' 'lumber* 'ml NERC hj' In) iin 
ffcvitia III iciminmi In ibK beiltnu nrnniun .-Jta:iu*l. ‘.'.IiiIl J‘, imJiiri. dlifiliL:iliiirii_iT 

oveiSdppag. efforts. Nut rip ihis tDoptrauan, kUehuJ A. Agi« nl LJiAo Enapy obsavttl, '(.lair 
u.vrt.iTi hau' i: tripped helm™ iheimum MiRiI Commillm pjilJ EPkl Ihac^il 

pniviik- | k i v 1 1 i w valiiL- Tur |Hl- irbhi>drv l>:il liiinU Klh |gn.-aip%. ("hi.- hriil^:* Imill slirinp ihii 

fuittuiA nhu-dld mjh|« jddiliiiiul upper lunilio U> d li elqp iim.li iici-Jed ucb li> ui-lilr: till 
reliibibr, 1 ." 

PmlcxY nfihis prmliiiE 'rfirwurw' cm hriwn mihcnurfe pbr- -fm H’; I Inf Ihc RvliiMHy 
luilriili v-et. TH: child IVPEt, fmi^iLlT-. pknraxl fur 2 f>Tl I ~ 1 1 1 -. L" Ihc fol" Ikm ini' 


■■ I. i- -r. J H-.'|Hiii|iriY 

»■ E-T rti Vtr^K"' 1 ,7 

■ Cwnrnrm PrraTr S>e|i.tt- Mnkl iCPSW.i tcimjTjin Infritmacicf-Minkl I.CIM) 

■ Hem Import Siudy I iji'l 1 1 IV 1 1 

» Eleewifllc Sdhrfllllng.4 JAH1H PtUdi IL 

III llizcd I Ini ilu Hdli.'h'Ky Inhiith'!, era eJlhe i;rk--i Twh jiW Maiu ir> lmprv.*ir 

inli"r^|Miin il L.'iHirdiii:* km. " ■ involve* an^fl liscMflvnil nflhcw WERC u liUid 111 Ilu: 

IiIiIluii', c. The iKk will provide gad operators i+lili Tig Dump ihiIvms. ofb&xlcdl lLiu. 
infiimuiiunio assiii M.Kl mi proposing :-urF±ini> rbr use nl ilu- f'krt. suppon I'.h .Iji.i 
infmlnKlum IbrCIM, mil jnrrun fur 7 I& 7 . iSer Snctm 10 of ihir report for men: 

inliifTKiliiin ) 


Coopi: ralioti EJclwcrn Trans mission Grid arid Nuclear E ill: lies 

Hid mid h et indite hi> hid lung: ctpc nance wiih risk fused Eracssmem rntihdds jndnsk 
mntgn. Fur crumple. Ihr Risk- and ReliaWlily-Bmud Mtlhoi; 7 tree i whhin ERRI r ’Jndvar 
I !• i •••• • ii fijULM.-. :m diLLki;*ci:K: -r phduhiliakf ulcli vaLihiiKiil appli L-jl in ii^i. hci-L , :iidlii:i>. ’ll 

ih: r-.dldjj Dm nhf, prd '1 idL-J iMsiilLirtkc Oil khenuLFeir iitouaiit'a pmhihilittr: i^cmeum 
nuihiwfo and Oe |wn>hJhili>iu: r.ak. miinnnr plumed itt d« riepmem in Hium II. 

In ^lililiiii. a kri. sppm^li III Impm'. inp lr^idnii\Mixi H"J rt lillhililj' inn.dvi'. Ihc jrid illlcrfiKv 
UII& iiULllUr pluMi. IllftPigh lhc I- Lull i L-. l 1 1 . " : I > V.CIC iiuilc Lu Klidcc km 111 Idsldd .iikI 

mft: r d | ■ r-j -■ l 1 1 1 . i : i Ihim iIk nudder mdusirj' in cider id id dress im[riiLemdm& 10 this- miertjck 1 

Aspirl "T the iii'i'ii.i' d. pn*wiiHiKn»w«K maiklu Ihc Nuclcur Rx'pilalniy Cwmmi<*i»nw 

ik'iiTilh' Ilu- liiilid ii v -\ luijK :mil . pnyjiYm 1 ' 1 1 rr-.'_ : III n.vi-iLi.’:l rnm TPR I' ■-. 1 1 1 1 .' I L-. i r 

CKperu. A L-.iiLTLi': risiihiil ilu - nHfWHilan h ih. pl.ji in riii^i: Had ihebsriiidieEideLekfid 


A -2 
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I wo- nay (bit Ir4i for nsal-lini^ o i iL'IiEtalriy irrikcs- bcrn-wn pnJ r.p J niKlcjr plaffi 

tTKiHiirB (5w Snciii.m 1 1 vf-ihi<m*m fw ms«T fi formal ion.) 

Value 

Ejpnt wwsulfcMivn ind diKuuiiHi aiih nrwsrplLfli'fn- uftN.' ™vkw imluihy rrmlrar 

|'k n+ □ r.i pxr i ut>J t- v, illi i n.-rji-HiiLiil mullhtb. : i -lJ iiiiiniliii's Hi Ilk: Ijj Ihc 

llliLuM', l 'S li'H'ilh mil Imiiril'. t-, lllL: a: i>:i kihjirai L-nd .. d iiii.Ilji :i: k immhm 


Cuups-raljtji - ' BeLwee-'i Grid C pvrdtiurl^ and Grid If a r KeL E'llili-fiS- 

In m«n1 yean. nunyritedn-cntHfriw Ndnh American irjn^missiimyjid lav-t recevnimd ihc 

i|y i;,r imrL^I pnj rvliulrili!}' iitlkPs mu] hfcvq ™.Htd iKv rfc.-i.-d msl»l-r*i W*ll 
-.iliiliinii If) rc-'ululiU. rip.- li.:-’ . M-iIiI.l Imlid ill: |iljn pi.i!:-.il lh_! -.-I I i n ’ i ■> nnlil t-jLi. hfrlUliiHih In 

nijmijin?,h:4jiri-n^ijruiiiiri m.l di In. i.m mdfk«; upitmt.-*. III. pryl nery u£££gBern ncpoci 

piftishaddl Mil «jnofiln hMiiLAi! Tocnmnundcd ihx "m iJJiliiMi in ih< Mchnical -nsliafrtL-Ky 
ijiuciL. r.- 1 ;•■■.■ .J mirijd i^ui-.slnmlil iIni K: " 

Tkrinijli lln , 1 |ii i l::ilii.-r , iikiiirL-liinrv H lt d m : t: kj LL-il li n p L L -i: rr-.i I Bill I nf gri d inu-k.* I i:|HT3l l«il 
Karcumpit. EPKJ rdjtftLdmiiiivei preferred inldcmiuoii mi klul I .'I Mil- IniinniL^-iu ihtNl-Jli' 
Murldi InLcrftot CtHnmitln (MIC j and the M'liram MIC. 4 Dk-MK.' ".r- fonudd in May IH'm V' 
immscIk impamof KERC'i relidbirlHr ^amlirdc. priority*. and wdfe on Ihr ocuracrcii) 
ttorirty Piattsi® in Nwft A rrreri k=a . j Al I hr MIC) Ar*i»i W. JWfl Picvliug. Mnnnniiiw 

ineiiilwrfc livnullyC*bHM«d Mk bMiHiLd. TIil MH! Ou> rev iu»nl lire Sblnt iiI'MIl I i i i I i : i I i r ir-jl 
ffiLdtirjpLd ■.LiiMdi-i.cmn l” hem tu.li lv^wuis dan ha indd la iifpdri ihi nik'iiui aii iilvbI- nl 
mirhdi pznki^imii. ^pc(-il\-jl l Mil- MIL' rdpjflinitnddti Midi M.ftL urTcrihe-ftSiJiJ-hs jli 
entities l«KludippfV»cr Supply Enlilws)thnl ik Kitiilrviw-ilh ih£ OASISrii-lip K|;i<lrali>>n 
silt 

Value 

Cvmdinpfirre btt»wn ly^rm and mirkri upcn!*ii ■--It! it* hiV; fiw ihrfl In" niiyo i-IUri* 

jildiutt III.- urvd Hi ihiiniLi m i-Limn: ■■ e I : . IrpihiMhn mil _n I cnidiLill inmkL-t L|k-Lininri 


hi 
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Raft If Phase II of the Power Delivery Reliability 
Initiative 
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7 ON-LINE CONTINGENCY AND RISK 

ANALYSIS/MOMITORING 


Introduction 

I « I'hJiL- II j| ilk- Hl'Ii jhiln* linn jiiu. one- or dv HidhKi-vriiina- prxijLOis u ew Ov<vl.>.>iiuii 
elf |wv^^vn^Kvi:-il Emil far m-|iny fvrtrpgjiz^jr :iTi:ik^(\ htiJ r i ■ ■. m.inr. -run' rhn.ptwi.-cl ill 

emend » the qnfjiinrul ireur iwo pluming; lunlt llui nm± developed mrl irriThff' 
cV'nMfi'ir iicd in I'bast I. The (note rrr lhr TOM frnp-nm. which (firfchir analysis ofcrnfcal 
cmi (Tv.cn L-kn., .111.. Ilir PH I Pri.yr.nin Vi ln. li rill nmliuLi ■ ■ I vL-tanp: jii.I uv n ln.nl 

*eairj!y an a lysxim I ogciher. [here coals, w II e ruble pnd nperraers in mptoi-r dir operanurul 
iciifhiliijr of lhr irancnivjijn frhl h> tundViTing ral-limc msunrtc pwo-micrK uf ■. iilii^c 

h .■ -:ilin-> .£ sd lli.-i ■ ul n .- Injili 


Physical a»ici CSpsi-atlonsi Margin ipqmj piTpgram 

lint [Hdjtdi Alll inifileiiiLiii nn-lnir dir FUM Prn.ijiin -a euHwane progrun liir Ibi siinulman 
of 3 lures mmkrof iriiicnl fcnsfiiiEiusi to cj?n|.>fy hiIIibj.' vinlw-ions. Ihrmnl omlnads.and 
hidings bfiulhlilki!. Till: FC'lM Pingiuli taji ImidinLiihLiJ uni willilikif in. n pln-jiiny whd in 
Phase [ dirofj£h Ttrrr juroesi-ive PfiA nu Jie> an vtw Snuihern. ALP. and Lasiern Jnteronenev'iinh 

f_vMyr-n. lb i-kjj.lil ini. i-pn .h— . - ■• v,..-n.. nwdr I" Ik |H»I| Pn'^pim dlirir^j. PfllM: I Hi voiullHjf 

yfiT iilm re-dJ jfmni qj wttao? line ovhUmA .ml .nni:uii-L H i-i'ktsi> .i;yiir’ fjfiii owrtord 
events. 

Ik i L'i-pni. rl .il wl imi.Iim. POM Pin.: Jill im'.c , L-, LT .m -jj ill. tnllMaic ki irl|IJ1 inkj umlUr 

din Ihu rsttotL neij-iimL- >:■ -.iriii tend ■ n«>. I nr cuamTh 1 . dnn «i 10117x111 xxsidiiipnt »uld k 

if^fil Ikiurlv • ” : 1 r» nfj ic"i,l :ijvi:i --t* hi izaciIili Ii~ L-nl-njil i rnhin vi.. i.'- I'j vv nn J:i Li Tnim Ihc 

lui hour. 


I In - ji-iijiv. a il! ihi r’. -J ■ Pl'jM In inn m ion ini-lini; ir-mininl ippn-Jnim jink 411^. 

of ilw a lift nfi'jisjn, S:r ihKaiijpuiiun a it completed ill Hum- I. A Attune renin n ol ihaon 
line Pf>M tnuld klmnl* a jn*w*r •flm nunsKcnui’i diiifaiK 5y4*mardClM.Gnh»nx>Hj. 
cipthil'i Li fur mS-linir iLi.i Lislunp: iun»i phi Lliinn ■ 




ItirPtijE' IldflhrrnWx’Tiill he a beta iXTNunoflk PT>y rn^Rim 




lA'-7 l v riTASli'T r nil L**h‘i"ri\ nsinTTi' 


Vatot 

■'ill m i.-i* |JJM I'ni^vui u.inO mihlc prid opt-minra towmuLjk rvjl-L=mc criiitfil 
L-uiYIi^iniLiiDi. uid Lu- iikiilily clJcL-UVr milij^iliiiri iTicuiiit>lu iLiJih_r lli: licijuolL-h md j*: 1 li il^ 
of mpijttf-: Hid (Jjicr jrid rjilirri. 

P r -nh.i h llslic Risk Motulgr 

I'ni.-Pi'nbjhilijIirRijl VlorcWf (PftM I '■ill lOITfbirx Iin-ljnr nnjoij nf ih: IS 1M Porter: i m :md 
die ProhabiliBk: Ki-K IiilJjk ci'Kl i » pr"\ ni ltd -dm! prntMfcilisiif rat indiOH. Indiann^ ihd 

1 1 1 1 1 K. i : ■ liiv rod of umLiinfilE; imfo^lK, diL-v. - tidiccHLin I’/ . -j ■- In .hv/^L'j'Mi^i in 

reliability Luhb and dralim VDriaissdliEdlinnmclhixb. Liktilw IfJM Itrijnm. dir FHI 
[i li i it 3 1 1 1 giu- iLiiKTiihlrJ^d ird inpvi rd Aj rru' Pku: I in rryiinid PICA duda. 

TbuFliua 1 ]! PftM will uifcitl Ilk; Plci-rj I PRI ii^iT^, iinued uuli^jc n£tr, [is nrpnvHil iHAiro.fA 
pewsikk fulinr oihiiKcmcnl *»f Ik 1 Mi-line PftM would w Animcncy =f J duralim nrlhilwi 
rq»lr pheunKiu to mold dit ruk. ttt'Fdoftirataf'ihlf manner Aixild require addlilaml dun 
cvllmi™ ond ppHifij&cunccpiA- 

I Ptii>v II iLdiiiVoddl,' will V :i h.1:i n mi.-ip -nf ifu Pk M ■.■flu.ijv 


IMm 

An m* Inw PKM "ill illuw u pennant in uiikiMand ilwtnJwlYi nvnhed mopcnnnv ilwir 

li .n'HliibhHVI IlnlLsa umln j ■ in ‘lit", s ■! ti li allium - . i :d i !j:w I ‘ I I . ■ I Ch(tald nhi: s- ;■ i r 
Bvedcmta of vnh.jp; iidjrun! m™. 
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8 PR A E N H ANC E ME NTS AND! MP LEM ENTATION 


Introduction 

'n I7tl i.l PIipw II pngerl ii|vt» JCUnn V ITpili lO impn»£ I hr Pi!..’, m£lhin>.-,L:^y .ji * 

Jiiiii -a IihiI. ( %^ 1'utfijng IhL-ki- lIE,e 1 k i> ul upp-tding 4if I he ini.ici kiiu in. IImkI.>).^> In 
dntar>ceiK£urjcy. iViXihilii). ind jddRioml inili,ri^L'jruhillii«.(luidjlin»mll N< devctoped 
f"r FRA ilandml*. » hkh Tv ?lrr piht unilormily m FRA umlyvK nckJdvn. i v»cr p»mp 

nil! hi 1 L'^.jl'lr-li. il In j ■> ii i h I in ap|iliLiiiiin>i ufail |in.^MEj:££ iitj nl Mil 1 milIIb didiij'L i ; 1 1 1 .’ i 
projects u. .11 eruble grid pluK'vft m Increfcid grid veiurnv tlrndjh niipn Ld maHjir-il 

-r— iy .--.l-l— ij 

PRA trhnnccTiETS 

As j pluiiimptool. t.l'K3'i I'liA tc an jriJlviiL d method dciennimnj; the lilusljhr<4 uK an 

wikNnUb vMenl r» ihe tnaumiHiim ignAem and a nmaun *ril» jowiiy. Di Phiws I. a brta 

i.riiJiHu'il MHA iitc. Jl'—jhi -li il..x! Hid ImftPu-'.tiJ In llnv ill:p.iiuIJ. jjn.-, 'Ilie>v aludltei hill mud 
I'K t w hs apninEii was- id mcili.iJ «' -^nds iiip cnr^vvnrin ni.i~.iui:iii-iii end .• ding 
i'tiM'in riukiru: to imprc^c f-yjlws riliuhilily 

In I'toir II. 1 1 1 ^ m ■ . = 1 1 in* I'K’. heiui => IneluJeUle lnlli" 1 mil'. 

f Jw-nrlHn-Hy Ami) sh Dl' Uucig? rim j uiilysis lu .kiL’iiiin. the Eipimmm trains of inwn 
■Lii:. navil.-il |njni(kwE irwMFRA 'v'lill' (f if., rrj ™-!rpen lie tcnus uermirv think 

■§ Opvrpiinp. Promtur** ~wMtk! Kl'toiwil l" in: urpti rale upending pnieoAirc^ in |lv 

■utyUik 

* ""i In"-* I- It i.l i 1 nils -lii.' iil'lliL' niL'IIkdidngs 1 IimiIliiM Tj TTBM-J - run mt fci 

■ IK ijhh HeiUllEy — MKR riMuiJ iei|uliilihL‘p ki rninlH dyiuiniL' plieiiiiiiKMia. 

■ NvIiuliillSh Imliivh L'.i|uliilil , m:h lur delcnnrYBr.y uk:il inluctv vr iiiLiniinii.riil^ iiikI Ihe miIik - 
nl tfcHilme l L-rsih rrlJiis l indites. 

r*M-Prw*<ulnB or Ihii iinptoied.dh.lns tod mild aLlMnnetp.il. IdeiJ runup imefftcuinin 
n| npiiIIj. 

The Phsw 1 1 ekilivmhk- will hr PRA ['rv^rjiTi Y™up J ft 
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I-'*-.! IKKl-^A*V"AlJini 


VW-ue 

Improve mm Ls lo •hi - CPA n-ill nmn (In pn-TiTjin' < «wimK> nhI i|y. untl pro*! dc 

hlllililMIHl lllllirTTIllilHI (II |l lull IITH 


PRA Guideline! 

I'HA lint; will i , lu.l.- hiir-Jiiiilv ri.T PM A iUiii -LT'fcriu .ml iiiulyAli pefliuramee. A 
ni^nercai inert lur j rvlvivhcv ki:l nl reliiWlty will jKu he dried uped. Hutiur dun j siuukini 
mjmfcer for all syntm*. iIii> Hides will, after m nJicii»i at" she d ,>l r;i .ihiln> ili.n j 

piniiulnr jyjlein i> -jinun^ Ip mrndiin. The Pirn? Ilddiirnink will h: ii^uidclin;» rtpi'n. 

Valin* 

I'HA jB. is line* ■■■■ ill help csidhi r-.-i unifnimnty hi l-'R \ J.'.j and ihc nppliimirm of iht 
nKlh'idnlpja'. 

pfiA User -Group 

A ujy? uroiip will hi limned lo MippiiP, further drudiipmcn! rmi rrppiiyiiiiiin of Ihc PR. A 

MI. I i - 1 - 1 1 . ■ I ■ 1 1 - Tin: yi-. r.y- will iiITlx u Iimmii Hit Inili.. I '.v nimhviv- Pi) Ihyir --J : 1 1 T In iliinr-> i ■ i 

ILanij-e-i i«J lutpJtniiiiiLiiliiM eypertaiGd.-TItigriliiy lhroughiiif Pluti: II, flu twt pvhip mlleua: 
•.in ill nr-, h'. he Jl-:.i iiiiii.il. 

Vfldht 

Tluilllill Mil.- r R A I I r LT I 1 1 1 ■ | ■ IIMIIll'-.IV 11 II I LJ i 1' : I M L ^ H I it U " V D. ' :J I M I L |_1>|:||1 I LM 1 1 1 L* . f 

iniiipur |M-'.rr'>jMT-:v.il',oy ujyt luiehev, uni receive Lri Sen i Minn on prating refinement. 



ENHANCEMEN TS OF RSDD AND TAG DUMP 


krtroduclinn 

Phue II. Lhc rv> n s hm -Term opera k/cu I inc-h cesdi'p.d m F'hise 1 KM >!j iml lug 
[3iFsp — nnlllv upended in inttHpjrilH fntnncTOonta On I uwnKine suppesncd. T>w 

i-rliii-Lvinrnlx -a ill ri.p:fl-il llir I^JH" :md, ■■ iiliniKr nl'didii i-i :iiLihli- Tnr viiilyd-i, invcIoTuk- uiiik^p.. 
L'Urilt 111 . . 1 1 I ! I _ ■ nl'iHftWiliefma. illlipRtfC Ifhr inlLii.jfV, Ilhinl-uiufri'lFjtfFirt::. Md ftlkiW Iihlil 

i.i.>u'4iii/jii>'ii nl fetmm-. i r P j:. L ■■'■ill help MotBily comiiidm re 1 1 eve end 

■. ' 4 i jj l -j ion ard an-mid I-iiIiip. - ' 

fisal-Timit Security Da la Display 

RKHO & u v/ill'A jp; prupmm -Jtii provide* steamy u. 4 idin»iiiK aid ixuitnl im optraon aids 
Em HtnmHDlinn’wkk vim cf fk^gui: and ecJupe tenntairsrk- lh. propmm n.r'crcil y 
?rd unphv^li'dikpIrL^Pcnl i'-v |SN d)i:i. -iIImu nmw w up Im Whin ixvi.ip .-4 ind ffl 

'T:i" 'i- : . i ; ll.. --i- tup-il-i! ' i.-v IfcSTJI > prs.n n!,--. :m i [j:h hi . i|n.i:Liii. Iho HLi;urm:y rtf 

.: l°.i loreosis. Hindi K.HLM) iniMluitioaiii Juiw 30011, ttuuiiy coanfcnuHit wd CHiuod ana 
iiporaiars Ci H'ler.il IS! HI Pip it' re. htno adnpifd iho program kcdjilv use. 

Pbfp* 1 1 snhniHvnTCrilj In RSEtJwill indvdr d'-i-liK »f udfWtmal d-ila. i‘p.g . p. nvii'-v rwen^s 
ml PR VI ■rjli.v-iV Irbprw-id pi:ii''iK4, jinl i iiiiiili ^fm:ikn-li i. nil!;, inliihkr 

I Ik rii.-.A- 1 1 deli Triable will bo Von inn 3. LI nfllSDlJ. 

L'iino 

The gddiliimiHnu mgdu availably in Vara on ?.Ciwi!l prw-idr itpmlorc a nauromnn/ts 

milp.ili.'n LSfOlircijriC a:irdilht:v L"n :n'h I [r nl|:n.A ad di^n-imi nul.iii.* t ■ -hiI-im:-! -Ailli:in 

Li'lhiv ;d lhi.Hiii.jI displiy ,i'd ukt interface. the dif.j v, ill did In dpomnnrv boner "ikill- 
Jriu-n'' capsbsinkiMin ain^k dan poinis the ability In dick on adrca pnim. pull, up ilabiei 
digplup' nrdawi. gnd retch-ca hiilprk-il Incd nFthn&ilt point} 


FI;- p-r-. i.Iiiij- sosuriiy u toad in Stars . iiiiiio LimipIclL- gvL-Inn: Llf s'. it -m l-j Ij r i i irw. ihtSL 

Mltu-ift uperjiii wll permit fern In mite Ihrnectfsay steps iu ensure ihe -bpcnniiirul 
reliability ■.'■! Ihe- innrmisiiiin Bad. 
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■ TtVl.Ii jMTiTI'. ilT’tll vitlTi.’i; tV^' 


Tag Dump 

'Hit Tig [Jump Program Is &slgiud r.j. awl joie □ J Liy Jump" ■.'■! iggrogaied iraiiiUK* 

-vkiliik!. (v- a in™njl-ura-K»-i\Tilro>w£a kin*, or a jcviiil>-o»wJiiHlMr-lP-*wuriiy- 

im. i-iliiuli!r hirer.. Thhii III. I ll “iim,v lln.1 MilsiMlik.'lii'ii -ciT llir ■ I ! ■ I hnn|i m iimi" □ I K P ■ M"i.t"iiil 

ornlilt; — IndUdlng Ac Tcanessce Valley AiAorhy and the Mul-Amulcd InierawrMaied 

‘iii.vi nrk hara wp. jr > used iIil program in Iwlp plan 4 m currcm diy'i uptnlion and cakulaU! 

Alt'. 

In Piute II. Nil- T ig I SU||||| pjiigrum -A III lie udnxmed In riUnrilK v,:Ui LlnlEMiik ullolilh, 

o ■fM Mi"M iVMM^'ikri'dd nihhl. dliprams. and iiu^aiu m:ve el.fei~i>-i!l3i u,iUi Pihtr 
«ipplicM.mnsi<.|{ .KIM ami KSIHIli. P*s p-uptr- will iwk impro»gd in iwimniic .m dt dt nf 
^luiluliili il..’.i. viul'k' I Diinp mi yn irlmmryiLidmii feh-rl nrJ |n , i:ni In III. well, ami iilliiu 
■HHUdljUUdfl'Dl Ifg r-.'-h iVlil i'-i null llaw-b«dd HOkdukS. 

ITiir PH h^ IldilivmiU* will k Vtiwfi iiCik Tire Bump |-n--jr mi 

Mi lb* 

Wilhite few inA-it-. iheTig Dump |thliil±sv, ill hepMiiuti mote utrliil, gowurlul uwil lnr 
ailwdulipg, whol^salo mfMaciiims and wcuniy analysis. 
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1 0 TOOLS AND D ATA TO IMPROVE 
INTERREGIONAL COORDINATION 


HnAcUn 

A* 1 1 nis- sv.hi I kpn u . 11 * (RT4 Kp I -1 ;r.;di.r .1 Ncrlh Anwrien rateblish 

Aafeui me*, submit lhtlr filings wfih lhe I .il.ul L-. vi^ Kvt.liihoy (.'ohiiiiiiss (FEHA \ cud 

Fo^in i>ivrTrpn. Ihcy fact Ihc chnlknEO-nf mco rsj ihc k^jircmcnKufFEItCHiT&TitMl 

As.L-LH&n|j In ^hci i : i -i l" , iu: fid" lit ci|jl'i] rdjiiiiiiiiii Iiiik liiiiri Lh:.i" uii MTD sinisl ulihfv ife. 

''inairn^iiinjl twrdmai urn." Ilu?- wicciofi InuGbaBhoflcf*™™ mut^ 1 — iuun nebufl ba 

:ii f>vin4tntn'lhf! dfinkhprinj. mi>th! intcrfwff'.-jnHTui"n.i| 

■ ■ i.’. 1 1 1 . r L" ■ a fill lilt s-.'I. Mli.il Hi ini|iiLt :kl -.-'imiL’ HTSirns. 


I ht riip'kiuv »»> rl inflated duriiy »n F rRI-sjuaumal pwfahcrp r Qdrtisrr 20W. u.|ii,.-h 
txouplm eo^olus n:p:LM.-ijiises Oil i!i. nuim STI It- aid IStfi in Nanli Alim Iffl. Ai llui 
nmricshop. pin cipams listed the wed fur kwls *n owe oftsecvp.cl.y -n dross mhiiis issues as ■mo o i 

I h k 1 ■ I i 1 1 1- p r !■: c i I i i 


in rwei this wed. I'hajc II uf ihe Inn jin; proposes j -tiuiha oc'swKid* atwed ,n imprrvuni; 

nl^T|^^iic::i] -.■.■• -'-ilrulnr un ailing llii- full. m in. 


■ I I.J.i mil' ' is rtf infcrrL'uiiMi d li.nr-ji. Iimis - - i:u Tu ■ i l_inp 


- Sn ^-ihI nl j-Jii illn^uiil I'jK'i.iliini*- ■■l.i d.. d- In: I V\ A - L' 

* IssIelvil-o m Jl-i L ^iTfiiii ■■! i C1M diinkjvj Idr iimerr^mnLiloiKCdinjiliin 

* HU-fX-ll III NLKjt.' SCliv niti I :l,.n;J CO Ills Jn-Cljll'.t. 

Tag Dump Analysis 

Uua jwljM' oil an inMirr^ionjI hssis ipi-p ihc wvdy dr- doped I ip JJitt iupI omid nller 

rn|Hiil:in l . ■■■"Ills irti- inliTiL'. ■■nfcfc Iran sjLii-.si pjIlLzns .iiki I'Mill.niVL -. ” In-. P - .: I-.-.' 1 1 pri ijc il 

*lll UK the pngnm in mil jue kutorteif Lit dunf& aid epetumnrci af ll.lt. 

III. IMusL' II ll" I* ■ LT 9 HI I' VS III Ik' J !■.■;>■ H i .r S'-l III I'l !U .Lll L :e: III IVV 
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I I *i L'j iHfiiltl n - in Til I l~ LMi’.Tl'l 1 . i -TfcL 1 I LyTiAHUIAU 


MhM 

Vi-’illl life Ptau'fe^'f lhrtiiUlrhli, I 1 I ' 1 «ai Ihy'vll.i jlili- lu- COddLAil ikiy-nlhijd mu kyling, g&ni 
^diurjiinn ■-■. N: J.imivj. an d pwr.iii mirkei-nesponso propum:. 

Planning and Cpn-ratiana S-landnrrs 

I FJtl mil fmcnis inlumiLiiHA u> NliEC Aw us* In fciipcau^j. Euudords for picdiing uui 
cfi.'Tj.ifli k.E_m ihc usi’rfPK^i lor p I aniline, du‘M ;un Jirdv will hdp mahlish a 

u 1 ITT-. i_-iiey |n zs-i: i.’tflhc PRA.mkI hi 1 - -ll'ilkn ill’ il: 1 Hm li^iupiikiiifl jiuljfiji I nil npcr 11 ■ 11 
flu nindmfc will hcl|i iknHi!|i 11. In 1 rdiohilhy dkliuet uni jr^ihsliAec ii» hMuin cpaibdik 

Support lor CUM Data MiraBlrxictura 


'lliis 1 1 1 1 1| l~l: I \ 1 1 v_| H 1 1 1 v. . r I-. In hupn il c-, L-kpniml nfui'IM 1 l-i 1 : 1 Iti I vt inlnn:ip.iiMl 

(rordinaiiaii. M pruscni, IHfA AdiuoiE (cndui/red » 11I1 » • . 1 j ■ ■ I l- -J . j ineludir^ inPormainin 
linriinliipp ™iuc and snnw aireTiyirTHliimc cifpiiriyraliiin jnd load profilm Ullimro/ly. a 

( 'IM -.tilifniM: simlil -jimipiknl I is im ifu: 1:1 irtsiil LuiCLrx nl" 1:1111:114 iLfi^iii In | r 1 H I imj-r 9 

diiil't-v liir die braum InkrcrtjfiiKiidn. V> Ini. ihi'. is 1 loncicein a,uI Mi ji cirej refund* 
i i n. r.v 1 1 . 1 1 , 1' 1 1 , : CEM preparatory wericipi 1 1 hr uiuknakcn mlhisiprivecTcoljcpjn 

Anvl'.fpmvrUcf# k'lM ■nfon»nii 1 iiiT 


Ihc- drfiidrcihle is rd^nint: (pllalMirjilnh and muni id suppon 1 1 ri C- -j ^ I ■ ■ p 1 1 : ■ : ih_ null.-. ■ ■■ 
IT" mlrdsimaiir tor ensure ncliaNily. and mirkfl cfrkinH.’y 

ViUtt 

(.'IM ‘enmpILuire *lli offer RTU eonirol oemer monigen ihe llekihilliy m anmftwii^ on one at 
nn iiiicyNU-oi pl®fur»s. jolH an Ihnt bra wwelj. ihcr n«vi> for sy-.'vm nconomy and 
T iilnlily Hy jinn n :nn pim n kmnpj k-wi Ills- 1 IM m 1 n i rri i .v- s Lilli dnpNc-nliiiii , min: ir-, dnU 

emy atan, and ofjanius onueil deed in j utefLd framework. The rich I n foraMil an ooraefn die 
(.'IM oc(pmiTKdayjs eflftii many I'rrcnunniro for daia m nine In aid spplicaiipre m pr ( 
'T« T ?i>:n. pud pljmiirip.mii^n cpmi-ofis. andcdurroteTpriM liinyriww. 

HERC Arlivilica 

TJER.C is 111 Jmak'np cr riinninf lo unddiuloe * vanny ufawinK! In pm more mtrmaional 

cim Jiiulrg'ii. I ! irml> |in niiiliiip, pnged v.ili iipprr! Ill- /a- OLInilfisl ivlilod 1 . ■ lin- linli: " icl, 
ii’iidnJirigi Mil- frflkni mil:. 

■ Hfil ’lSmi Ii'pi'l'-tp I ferouph Ihc ls> This tool will aulomilKiJIy dclimninc ihc 

■Lvin.i.-y .il III. iirlvi ink liipsii-'^y. in tcsiI liiny n-iiip Chy l> S This nip ibiljli will Iky 

UXJ, m Iolv v, ill prts( lilc luiil-ssIiuii my n ip ci 1 1 cim usdil i, lukulln; nasuilon oniVi.i iHulyiu 
md TLR. 
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I M I 1 iTU JLlU I L- .T^LTH 1 1 I M r. -1 lV> hi 1 1 ■ i-ih As.l hi V 


•• Pw" w Pw Pat* Riw%*liw — I his dal lira sc will piwiik mnmvndiliiHi miiiii-rt^jiinv 

|M" L“ iVmi li> m! lie "i!:i iL'rh.- -ill .mi; ■■■lii > 

• IP Si(ni™j; ?4|nni*irf — Thi* WTrtml TCpwtory cr4jli#wv trf n*m unB eslatHiish 

uniformity ^ibuiKt nlbuM* iud jifUnMirci inilw Mi Etc MuhJ-rc$uxinl M.-iL- . ? 
VrerLin^ tinup daubs*:. othitr M.JtC ditjhJ*.*. and a company'! ami Jualusa. 

■ l'l[m- 0 ***d Siudj 1 lhjI | HIM'! — KIS'I it designed in uwlyzeftm Imptnit'l' natervaucHis 

will mcTpy lnmeatwei srhi'duU's in irducv on.vrthnakmj. nt'orrMnisMcn. iwl.v; dcpmJcPhTC 
toi TIR. *ad jwirnmal*: rsrdinfsrd A™ I i ^ ciW¥v*i isn and tdicAilinv. bies^cs 
model l 

Hu- dilih-sr.ililrs. v. ill Ik; urr-.il- 4 -r ■: Vi rj*idi-^y , . i p-; i n lt Ivin :IiI:i-iik. j hJ;i]b!:iril ! ■ H 11:11 niiiiiL- 
Jh.l thd HK r ilflviilfl 


Vafeic 

lutfclhcr. Ihcw cffprCK will Ik pMilrmitail warns issues btlwxm reuiuns. eprenbulmi; Imhe 
imjrmvmrni uf no I -time rvliits'TlyiM'lhf biTlh American jrid 
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1 1 IMPROVED INT E RFACE WITH PLANT 
OPERATORS 


IrtflroduCEiari 

AsyridpfanrKr-i and opisasm Ucpluj newnsk awe is mem Iwh. assprismcm rovuhs in^oivvw 
¥6lti& bUiM n^.ir i rwlmr pl:ri Guukl be mt‘k m&mliiall y FmilsMi; In [4inl ftrcraknts 5wh 

■ L-.nl:- . i : 1 1 1 ■ ! iiKlh.1t-: lilt- |-i- -:i I 1 ? ! 1 1 -- ill until u.rsi:liiik -.nil _^, l- fcVtfc ill nsn-hy huSti anil illnvs 

filiin nperjiiir?. n uilju>,i ::4. .vil .-iilwil .im -■ I l , 1 1 L - -a neccumy preedutlAra Similarly . 

1 1 1 1 ■ t n'i j i ■ -h i (rum nuclear rick iiijl.t:- ili.i: indicate ik.ccim.il luiuie plinl uinapexcnuld helped 
I'pjNi.ir' co-'iiun their c*n i-i ralndaliunc jii.I devdep Jiwr.iiiw plar*. 

TKwPhucll pik>>-i.i will demkrp to iwpp«w1 ihi" Imn-w ay rich m|;.- ufral-timc 
InlhriKijiirti in'. ;<i I J re 1 1 dedhy and flam is tl Infinity. Rueft an ertciiiiigj: nil] nvFprnse die 
nperuiiiin.il rd uhilny oi'dii: mrniiii-intt|m1 and ermae Ok sife uperajicn aPnucfcu plants. 

Trt*-Way Dais Link 

TNrdeielepmcni rfa two-way djla sink between ihe Inmnnisrivn pid and nuclear pttnh 
imwhus additional wink im luro products- — the R.5HD mil ihc un-lmsi irk numilur 

.'ill RSI1D nTGei laur W ill Ik- Jl-i Llnp-^il In ekiiiuyj. 1 : Eieil-CiiTI: mri.Tima.hei i-n l-iiiJ lek.il'ilih 

indites and plant ate uhiluws. I he inwrlKc will mdiiuie w hith data |ksihw inrhe jxw 
kSLJl? — rvuul I ullages and power Ikcws are provided !□ iKt- planes. 

rhwen-linrri'k me****-|.n he dcvclTpod m PkiyrH will display the riik Iru-ls or vidlaiiJcbuH:-. 

ik-.: mikIl-.m i -KV.CI ■'.mis, jmiI Ilk plullx VS ill III. i l- uluov In 1 1 1 ~'H ileifthys. 'Illlx (ifiiotCt Vs ill .ils.i 

dewefaplhe means hs vs hith dicse i» bevels tf? mm d n eedy ro ihe-plira.' nun rid ■dm. In 
addition. fbrjpid operators. duo. project wiH ifcvelnp (he meant by which mdKttcui he directly 
ivc fined Ihrm nuclear risk nvlcj —inched ns w-kn a nuclear jtlml is "tuini; In n*3' prior an an 
ink&Lf 

H jltir iftea£Kl±S find u dziLi r-.s li mr: l:i-i r. l-v:i Ilk nft-l i:l- : >k mrtfiiVii . ■ .J |||l- liiinfra- pluiLIilL 

meter will he dficlnpod in a leehncfcjty review report. Hie data cbc hinge will he demonvinted 
in Phase I 


IN 




.'i v r . i 1 1 ■. f i LT. n*!. 1 ! v a L'lh r'l'jn.- c^vr j nn 


Voitin 

ITir iv ' ii v. J ri-i link u-i -I plonls an curlier ■■ rrnini; of ikLincnhn* ’■ i>IIb^c kvr -■ ji 
i^wrhy hiH>, |:n.ii ■.!■■■)- limn :kL 1 - i.--:il lipnv Un :»pl : iikI 1171l.111.vl iHIiit 
: iLlr.¥Uv hi:i vrid n(iifi’iilii^ 'E Will iilliiv. liri: i.fvi:ikii: In LvndnEl leviiuJ i r-k _:ikijll£Ki:iMHi 111: 
grid iii iulli*:i d big/iLf fix m:l i l’J r.iiL- fur iJun pLm. 
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Part HI Charting a Course for Improving Grid 
Reliability 
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12 RECOMMENDATIONS FOR IMPROVING GRID 
RELIABILITY 


IrvfoQdgcIlfHi 

I I'KI hicf«f rv-vil efforts iItI'i^Ikxii ili: dceine power m,l.«iry it 1 imw ,■» v die 

:iriJ |>Liii ml' -.-f Mil ~ 1 1 i \iii=iiljii ; - I :■ I J I lit- L III if i F l-iH i ncii :y y FI I luj injp 

hseiuoidirect»fl sndtinratro ip lhere ^t'Tnnj-. uni portion of diii.l!?liJ'ipOTMrod 

iMplilhTjIn r |i:i>l"lhi Ii.il . ulij-li -li. ill (iiih ami - ll-lh ni iini|{iEd lr liiiifi- I lie 

»L«itecd r-i 1 1 eitM 1 1 l> mil 'jjravirrj uifailtjiol'tte Nrrnh Aiinri-m iKwer |ir*± 

Im C:i- |:l»I >ruf jii.I u hull, hi Mhlew ill.- pJQb. in 1 1 l I . ■ I il III. Hiiuili-uf'. repit-MjIluiiLdL hi in 
(brnfiiiboul lbs pwfi initatry h*vp praptrjoi rvPHiiimiidbrikni forfiwre unfo inirh-l 
'•litl Jllmc- .1 il I'.IM .ML I huts iVliuP it"-dil '.-in « il-. -.ft:>l Irvin jin'-* Mil fall i-i'niL mi, ul' 
"du*y nkm»K TIipt ww» ppvpn^Hl n ihkc «k» ifori a* ilk cppH^vcIhin iff 

1 1 1 1 rcpfeviiiljliYn I i . 1 L' L' s L’l 1 1 1 ' j 1 1 h= L. . I' 1 1 I- I L l I r.- . iv-.nn--i-iliLiiui-L-i.iiM-.iii'; 

■?iiiuk-i ind EHGaniiBlHwiL Meeiinp-- induded Mu' Inll.m ip; l.Pkl -qmnd mirkshcris: 

■ [F-F: I- It'll fuAJ i ji-mr'- li. 1.1 h A,ln;..i n- Jura.- '■ I W"i .m:l ■■■ Sul I|L L- j 1 1 .■■■ | - 1 -■ I : j I r. " jflZll 

* TtM-HumfliEt HMCI Upetailng :-i|i Iliyn:, WMlli»p held In AJtUVU .'fiAnil IL, 3>HI 
« AnH T1MSQ WDikihop held ■ Bourse. Missfcdhusnu- pn (Jeiutwr EL MBU 

• l>K I HI-.'.. ml I'l. limn.- Mi-rtinn pf Ik PpwiT Pf li'iry l-Mnliiv iukl -n Nyn Orkwi' -n 

I Hixiribn i t,, Btup 

' y wiipp. ni iIk Siwnni; 5 . ■.'tiimmef? ol-'ihe hjwer Di'lii--ei> LniliacK^s 

l/i oddiurm, a umber af'diKt ntcommsnMku luus kenouilnied irtM-'cnJ repena. i-il.diiii- 

JrrLS' 1 .1 1- 1 ,'.| 1 1 u 1 L -.r'. Yiiiifi -I i v r (..a.',' Lr. r .iJ ^iWiTTi 1 1 M i j 1 1 1 j r | fl f|i IMiiiJ.. A, ill 1 ■ 1 1’. 1 -i I 1 Vi'.Aj F I |Y| 
li li. h Jtmi ill Jbr 1-i‘tL- JfcjBrfliTil L i-.h-rTniJ/IrlSi' mi .k l .WiL'. Hid . a ' km i)f JFVuhuOllr-ril 

JR cftilfa I I'lpi MUre r.wliTII m IT i".:.n n/j'-V AEf 'YHlrni 

I his -usiinn fas Mid d»ciNun( nnHnnKnenicw wkv-im * urtf rttliahilii> idol taw 

bhi:ii |hu|HELud m il-- li 1 1 in. mill- IIil lluIi j:d I l-Jh 1 i e il i lh dll i i i i [•, ul L | liL-vti I k il i L" ii I 

omjidcnlipp by pdunij crjEmwilipni; ak Id befc Ht [pi ^ cndi for fmin mdcBHirs- innwl h 

"ipn-L iii llir !"si:r.- A—iiiLiiri |hiilit i - ill 


IM 
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. r i i vl-i'i iHLiVivi' %i r u^vvi.ij^.^rArn'.'uflUi'iJV 


Goals Impro-vei the Pe liability ami Eiflslmmy of (he Grid 

Tbi jrali «nhr Elrulrkrty Treltoofeey Kwdrnnp rck^-inl liipnd rclinMIhy will tflivipuT 

ilKMtMto li llir j. ni.r 

■ K rilmiiLV ui ill i tlufcillEt., [)ci L : k^ plu-’iiiiiu iifil iin-lnii: ^biiLfliiirul IihiN III iddlllliy 
bofllniH±I in ihe tyildm ill, I redUOi III L n ill Pi In,, if i ■ t r_l |J L 

* iMitui l-ji i;, liikLL-jf-jLlri-. Kuppnn. ddsehipaiKni hi I' lords cudi toukcuunie FImiMc AC 

I rdninnsiiiin System il At. IM ■.•'riindlcr' :hJi alkm-' FSrfinj ircurebuori lines to be kdifcJ 
clnpcrw rtwputal limilf-elfedivcl} incrni-dpEd'diroapjidls . jii.J nsdacinE 

KSVltrtphis' VHTTj^|m,«i I ■ 1 1 ■ ^ ■ 1 1 ■ - - 1 . - ■■ p-imi.x mil rcr'-'kvs 

» Impnis d mj rhi-i pfflcwncj-, [itirc*OF looli and mclhi,Kls ilul promote ran mt( h, reduce 
uri4 iiimp-'iliiiH, mciiiK npn-jling. w«J\ . VRihlr ^'irrusiuiii IruiMk l:.-n-. iiul-msHi: 
wlKikuk inanudikwa an 6 e ennAtciEd mij lhiIm:l- i.iI nulr. 

■ 1 lUiiTknlyi III' inlL'Enly : I n d L-iuilihiililyr nf Ik# infiirmuEiiin n id wra r k . I i r-j.- ar : H I . 1 1 i ■ l i - - 
lind uf^ly fifiCUM mil uli^lCild In Hut.' . II.. V I b I di 1 1 IMttlrfk li.Hjhmik'wu.-i, JJld null a.jLiiviil 
tools- 4 m improi cd planner and nn l»>j inalp-> 

* K-dlmllre IiIIli'i ivjnkj] '. IH'I iliualiiiil. Pi n-. hk IihiIh Mm el^iuueI diuimi cittern Ilul tuflftorl 
d.cj iharine and model inrtjrl.i^a- dl nipiniul hoifklcoe*. jnJ dap-pen. C m nJiun «!<l 

ui ailahilily id Ihr nininri'i pn& 

■ IkiliKt puhlh: ud p flint t mi- resit. Provide tools .in J ailnmidiian to cits ice Adi puhli. 
pnlicy. rnkv and rc'pfir,-dkililir*= £uamk)t Ihe puklif .porwl **tii*a pormillinE frit irsiiiii'l 
futvcilij KTiV pm:i|i-mU-ivH|H 

RaoommeruJallorts 

T>s’ npciimnmnlal'ktos wi»w m imry h|'i -- , :j.ii.‘-: II in.- ia»k pi i m p-n ■- ■: grid nfnbility ;v.,.l mirkd 
rd'^iLiiLiy hy iiii|iii.nni[j-'.i:J rid |-l. min- jn.l Hifralajlii . I, H I K, an 1 1 ta? i! i- ■ i-Im;mii> :kI* ink :-d 

ikk MOh I h: rrrTiMW-nkitlrmr address Ok is.Ci-r oncd im« conned lira or *kutii h mmjm, 
nr rp Id i rn p rot c Iran sjc lions and mlcrmir-on vu-hJini: hcmcon nylons. I'Imj dl»>> supjKsi 
mcihudji and Ireh f»r dirla MnndurdiiOdlism Id mlianoc Ik; flFkreTKy md KSTrily nFtfw: 
inrumwiiun twiwuik [n mlln krs. h bijiiiIht ur rewmnwiildliOn) ntlsnd ki^und cncrzy OHVtny 
•dTitrti hi ruj^uhilun. :«ul in-lihil ■ h i :i I clTiirti Hhal sthiIiI ini|in -“i v r-.nkL’I -.r^.T.i:iiiii-. 


I Jhlt I 21 \sJa rj£ rcJiiiiniiL-il JiiCK'A-- in tirfU izair^ici l:-. Lind cdhjaiui. IjlW. Uk>l- 

iv:i'iiiiniiidra.i.i''iiddr(w,ihs , $Mil«ss( ilu I.Uviri;ii.<, 'Ics'hnolcv} Itpidmajs. FdkowipcifeiiHy 

ii ■. disra«on dfiK' Twiimmtndiltons 
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ntimwnAjftiivi.fo' n'ny tttJ rii’b I *• Jin 




G:ftli :l Eli=lii-: iy r ich'*a es- 3 |! ^:adTii: Qatavari h 




GuiA ft* - Lay hip ami CflckcEy 


"tr ft sud i> Ion 

Ertiirm 

IfrUtririy 

IrtmaaB-a 

c ■“■>«( 

C4|H|[% 

fcT-pmvn 

KlJikvi 

Eflp>#irtp 

ilui’irtn 

*»**-■« 

■ b lay =4 

HliV-iCLwH 

l^twcrt 

E'hmv 

rw- 

WlCMl 

C«dni- 

iw 

Balnea 
Fualc ar.1 

Pil^4H 

ni-aiiiii 

Ov0*E*#l4xMd 
rr ■ i --:-: ■ i : *1 - ■ r c ■ 

W-RfF-Mf p*H*r 

1'ifirg 

X 

X 
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X 

l«« lv -p r s U JI v«i 
ahi-darti h l«a pawa> 

■>l _ rTi m m 






X 

UwvifcE wii ■:< nintr^ 

KLIC*>=-kWl ->1 njH r ntl 

-.■■j k*n»n *..i 

□Hr » 

X 

X 

K. 


X 

X 


WW 

'Itw I'Rrt intdiaddc^y. drooped Innate I ul lire Rawer Deliver!, RriMMny IrniiJii’it. nlftr* 

LTiCTy.¥ si innrc ?cp|4“piC tcb.d fiif nh-kbuinj ,ym,l a: I i □ h i I i I -r Lr-iliT -.-..-IL-JII IblUid III3U-L.. I 

ixadhdwik i..'ri feu >. l-JiIm-iuI ikiu mu- *.«. cnntir^fliey crneni, I'RA l jlLUltiet j me is u re ai e- L - 
pndwiiiliiycif rmde^irjIWij cvwte rrdj mrredjrc (if ihe Kwrity ur 'mpti< eetm-; 

fcccpn/ne’dsuMis hnv h»n pcnpewd m irectcyi c rhf arrer* vcfsira ufthc- mfdi'.ukdccj re> 

lib - ill - bj=i|i ■!■ i IS lic> I ■■ H iruldul|j ^ ■ lull ii. [ilUMiiiiiia ■] l^i: 1 1 1 1 : 1 1 1 1 1 . Pin.- nfflihn m i|iLilily ■••f i~ ill 

■J i . aid inretparmirur npinnins procedures. Thne nprovcmcnu tn proposed ire&s in F'hist 1 1 

\yf tKu HnlidnlilY lnili;d kl ■. iiIkt r i i 1 n 1 1 1 i.'ii. _il 1 1 ■' ibJiln. 1 -!-. Irr.ailinrr.« iil'llir k 
nii< _| iil. | k’^j . complete iu j[^tcaiiun no ilk- enure r.onh Amencjn end. and dcs elnp a ide-- 
:m PM 

-Sccii/fiy Feeds 

E^eijTnnirulari - "e tiir n. . 1 1 r IihiI^ tuj laJ r :i i nlc mT hiigye-cl k-ni l.i roci«: |hc i i m ! 

(iae.cn lineajpabilitleinf s>sifln npe moors forinipnivii? pnd rcliihiiii>. increasing ier*d 

is i j- 1 . iit, irv;ru.ibiinp £nd esnnlP-d :ihilily wilh FiM'.’Ty deeTetfi in p Ft i-bK.- •duPcT*. .ind impn v^in.- 
uurhei efllcieiKy. In Piute I al'die Retahilny lnnlin:>ec wwt bc^ui an ilnctofimMi *1 m «a- 
>■ preMil'Mm; *isF( ■m'niUrr. wulllv «in>vtakn nfihi' »vri( i' pup-^d far pi^i^- II ^ 
rupnk^y etilmunr would mlauikally determine the tuounze ii-ivln^h in rial inn: in v^ifuei 

■mime family ipplKW.F.Yi?. 


Ljbd 







iv — i- r^.H j.i, 


A *> iriuil ill 1 1 e! ii t-ad ill. ■ Tircr-ld uliliM: j iiurd-HT ill new t-L+lfH! ki^ii LOi, ridudiii^ |Ik= I i '" I In 

porn.™ jiw lunci ons oTw FCPO n o.'ui laxikilly fumiui^: in HTO. I hi; i ■ ■ i -.1 1 j h I l :■ ushiid 
•■•■»••■ .-:.sil}- iKljr.-n, inlrr-ftTl > M.nitn i<o.:ri. :wJ inli vr.ilv wlims. nntt-r t pry by, Ut||IW ur 
■jL- L-iulj h.n ind n^iniLiuiin^ A Daw-boied Ldnpmlan duinagtnHfn umI hu, bten pufoud .1, 
[Hi nf thp NEKjC Flwr-bosed Impact Sewd* Tool 4 F I S-T j_ FJST will reduce □vert-wkinj; of 

trvhiTii>ihiim :ind re ilik'i' ili-prrilifHa: -v- ! I ^ lbrfV|gh .1 iislvhih 11 f |"Ltm inipii;-!.-. 11 rr-rMT'.-iliinn 

iird curiiy naacdani uhedulet. A nuil>or rectsiun cfiilu»>i inj iinllro icuumisiikmiK, 
which li--..i u I il jIIdu- b coM i.olkn.i.n »j«ni iubuosl>bli>hLd bajcd un an eqarable iiic.i^tl 

.ii—h.il I - 1 1 1 11 L" 1 4 i:!ll,iu. 


Pijif'i.rtf Toads 

Tht rctifnincmhliun; fur new pLinn-;; iimlsackrKW'k’dpc ihrcitanjsni; ruluruoflhc planning 

1:111 - rmremC Cind |ilumini£ Luiilh u.uwIi.Il lnu>J lidn: .idv£rftl|fC nTthe availdfcilCy ftfretil-liiiiL- 
difj. idvancMm pad uperjnun*:-^v ind idvancetm iransmh-iioa irclmdupies. inch a 
I'ACTS ik'-kT-: wbirh rnurvaK- 111* i.-.>n 1 r . . I In h 1 1 i I ji jn'J irlTi.vli'V iukkiLj -Ilf Ihc ^rv: PhireikiB 

"-.“•I-- siiMi: dim be c Mo 1 d: ij , Jivd j: 1 1 1 lie LUrJi ilm'm LTlIi:-! Ii; nirLl "III. ;i:i iiiiiili: jnd 

funciiurvillii ncc Ji rd Iht new. cm ii- d ■ 1 1 1 1 1 1 1 i,i proteb Irek rr* a»di 5 nwm 

ferhnHlW'J Ihi- . 1 ; mini. :nl npiilly v heinpny mliin.- <if imVsIry rcvlnif |nrn^ ( 

rts.M.: iiiL-. ddiKiii i£m> mi i'I.i iImil cods ihiu ua Infill;. IIlh.IIi.- jih njpihlc- afiKOHiunBdadng 
j ijiKnyafomircirij irchnoloBiw. 


5 uH( 7 is tanny-I 

A number of recammendallarif have been pm|Wvd id addAti i»un" iislks a I nod id 
cperttfonj-iL rvekmil kumdurv' Ihyl iflwl iJjia^ffinp.miKkl inluriuci'-j.ii-d AEknul 
^.unJuiLri ti illi I If.' (Ktuiilidl lis iiii|ulI .FJta.riiiiiu aLg.iiHiv. Fa* tAar"|:lLL, 1 1 ST ilmuIJ caftthk iii 

Kit) no nunaji ibhvudii! ind 'OhJdiilin. ili.r: m nuUcjitw cunfisiian ic. oihcr K i ck. 


fraia SUiMtartOiUftar? a^n 1 E.n-h-ij-njr 

Aalhe 1 1 ill I rkfrlK-AOi ii 11 al 1 u 111, d . .' ■ ■ ■ ; 1 :-: 1 ■ . : 1 myiali j. 1I11111 ind I-L-! n lx— , 1 cuinA. Mil- iilv.I Im 

dsns lujidurdii'iiii.n is inercHinply rraunirod Kociimmcnckuipn-: sn ihi% ma focus on 

-V|| --I 11 . •' in: I Lipni-i- 41 Mlllii- £' IM I IM unap|i:rTVC w 4 ■■ 1 TlL r F: Tli oil I r-. 1 1 pnijn 

j ',irkjLi:i:- Nit 1 1 L-.'. 1 1- 1 1 1 1 . in 0111111111411 :. on itfe of moil- iini -41 jkO, smIiv, jio ihji best 

^i«ls Ihcir n«ds fur s^iln oemomy andiulubilii^. Uypprwiduiponmnvn inb'r'.iiinn. iho 

CIKI mumij'.:: 1 Li I :i dupliiilKn. miluxi lLiIh uiCiy cmii\ ini 1 iijj ill 1 .i: h nrlliml illU in a 1 1 -riCui 

framework. Itie nch infamuiKO oomac dm Af ClM dcomnaduet (rftas muiy oppuuiniilei 
fnrdriu ir.r nu I11aid .7pplkikkfv.in pid rajf.'m(kf-. [nd plnnnin[.mwi,cl upiraliirnL nnl ulhtr 
i.-ii:.:i7Ti , ir 1 , iri 1 !i:r\ 
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in 1 -1 TWlTHILYLTU far J| H* 1 '"i.'i'uT.S 1 tV 


Cvuvttfinff Thfevti 

ft pew n I Whii» H'.iujht rcpini pvJii=i|rs| ihiii Ihc pr^'w tr>3 ■? wip of Iht !w(in;iiiiinyl 

mil J--II ihilmiih llul :iil' iihpit kulinxl£&: In Mk: llimil iiflmiH-ikiil. InipriJ^lling id Mi&rf 
irri|ibniLTiijiiiiin'l 'vilLiy jFiii 'uikJLsiiiCirijji^ wjch Itdt^nl j^mmes on ate lniiujI 
inlNsiruciurc prutixiion pp.-iwi. v.ill Ik tp lx^uiutt ptiicni .il ihiv3L> lo iwiiiy ciMiirak enters and 

sjBwms. 


ReSfa t atoryyfn s E 1 tis t) iwi at 

ft unmkr '.■[ TWMinmtgd^tine fcwk brytrii As pwiiHv lulviv rflcfls ol"lhp kiHnc'ss Ip 

P-TI-jHi: Ik" i " .ilnrv ULlmn-i -iLhipnnl In jlftpfidVC Ikn iilliL'idiiL'y iff Cf*: pcrvi lt i i ■ 1 . 1 "3 1 K‘ 
lucAmnMnduxtb. a&lie» Iuues. uvrulvlng pining. aiimi, |il.i -v iiu tniiiMra Km (MiiniCKMuikt 
UmdBMIH, unJ rtg.lLKl-h nil- Mllmuioa Of Slw <«U III LurtMl! WMl l>UlLp.lLi. 

r/inM.lO 

III ilu-aiuj ill liiimui riSdiurws. Mil puunr ■ Jump. r gcauml, jnd pwfttr ■, , ,-"'iin plzumng inJ 

<1x’Nlinn in ptulvulix. tei tiiris of tunrai rmturens OmpcUiipn is rwivinp a hand Veit H. 
^lafl'Mjw, njlvn Icwlr-if ly- ilnuini^in.- /n if iviull. ipu.’Tiy svmpinjf pnji'nnfl am -ullpn a sired lu 

>. ■ r hi | < I.J ilKrL-Libkk I'.ilh Sc*V4-±i pinpkz. I~ 1 - in V'L" ii i ■■ ih'iiiii* ill. iiiv.l |i Hi aa 1 Ii Hi hi Vi c iJuihi: 
p. inliR-k'i l| p Hid Ii Jillnlu. 


II-K 
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